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I DESCR/IFPTI1 ONVIDEO ENCODI NG METHOD AND
APPARATUS AND VI DEO DECODI NG METHOD AND APPARATUS 5
Technical Field The present invention relates to a
notion conpensation predictive inter-frame encodi ng
met hod and apparatus and notion conpensation
predictive 10 inter-frane decoQing nmet hod and
apparatus, which use a plurality of reference franes.
Background Art As notion conpensation predictive
inter-franme encodi ng nethods, MPEG 1

(1SQ | ECI 1172-2), MPEGE 3 $5R(IsE TEE18818-2), MPEG 4
(1SO' 1 EC14496-2), and the like have been wi dely used.
In these encodi ng schenes, encoding is perforned by a
conbi nat i oNIOECI ENCAPINGHMETHADoAYE PBﬁEﬁ@gS(ﬁND

pi ct ures), VIDEGaPBCHPENGCMETHOD] ANEr APFARBTERCcoded
pictures (P pictures), and 20 bi-directiona

predi ctive encoded pictures (B pictures). AP picture

i s encoded by using thefénﬂﬁyégfﬂéﬁeﬁgeceding P or
picture as a reference picture. A B picture is

encoded %eg%g;%%eﬁn e ;i edi kel 1IRRGe NG R tarsh

succeedi “or 1" pictures as reference pictures. In
MPEG 1 e@%%%ﬁ%h'%%e@ﬁ%%ﬁﬁ% GaR che reahectihvelng method

generate or ea macr obl ock fromone or a plurality
of Rt Wpeaf-@MRS and BicthencasepehsBtpoot wresicaide
inter~frame décoding method and apparatus, which use a
plurality of reference frames.
Background Art

As motionAcompensation predictive inter-frame

encoding methods, MPEG-1 (ISO/IEC11172-2), MPEG-2

- {ISO/IEC13818-2), MPEG-4 (ISO/IEC14496-2), and the like
have been widely used. In these encoding schemes,
encoding is performed by a combination of intfa—frame
encoded pictures (I pictures}, forward predictive
inter—frame encoded pictures (P pictures), and
bi-directional predictive encoded pictures (B
pictures).

A P picture is encoded by using the immediately
preceding P or I picture as a reference picture. A B
picture is encoded by using the immediately preceding -
and succeeding P or I pictures as reference pictures.
in MPEG, a predictive picture can be selectively

generated for each macroblock from one or a plurality

of picture frames. In the case of P pictures, a
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predictive picture is generally generated on a
macr obl ock basis fromone reference franme. In the case
of B pictures, a predictive picture is generated by
either a nmethod of generating a predictive picture
from5 one of a forward reference picture and a
backward reference picture, gb met hod of generating a
predictive picture fromthe erage val ue of
reference macrobl ocks extracted fromboth a forward
reference picture and a backward reference picture.
Theratfiortiwte ed cdfurichdse gedeprédivc beor rmides ohns a
enbedded in encoded data for each macroblock. In
eiFW@HO@ﬂOpWe§@SGﬁe§K@@i@@eeﬁ€§§Kﬁ§Cﬁeﬁﬁ@@§ ﬁ@mé@@rcase
when t he same picture noves tenporally and
hoﬁﬂaéhﬂamswq%ﬁm@@@rﬁﬂaﬁ§§VﬁnpéﬁtaF§aléq&&PEFatsﬁ by
| arger than the sjze of each.nmacro
pr & Seror Redhrt Gin S5 S o pwﬁﬁcﬁéa%&lf:&ure from
tenporal nl nt/ eduction. and rotatlon of

SO OCRRE Y TELEFSTIH &1 GhaT Santfi fude LIk

%%fé% %%% 1%Q%r Utb h%@%ﬁ%ﬁ'og' Qn@ QEﬁ?h redictive

I ency c¢ Ranot al'ways be obt |ne Sbove
pf Qk&h&%ef%%&o%mggav@§%@%dvahﬁeee@o§b$@r@hc@ aaRsLANbCks

rate, in particular, if pictures with poor

| pr editGlicoR effiosi BREY aarFerkARdl rb0etBacengaditige and a

apparatus, a great deteriora- tion in picture quality
My QGerd ke fereadiengpiatuade25 vaei ahlferbit ivat ef &hese
| arge code anpunt is assigned to pictures with poor

pr ediectiicdn oaf ficcieendy kobsdpprdeds ancdeeer detat ifor ieach
picture quality, resulting in an 3 increase in the

t otr@glcrodpHoek -of encoded bits.

In either of these predictive encoding methods,
however, when the same picture moves temporally and
norizontally between frames in an area egqual to or
larger than the size of each macroblock, a good
prediction result can be obtained. With regard to
temporal enlargement/reduction and rotation of pictures
or time jitters in signal amplitude such as fade-in and
fade-out, however, high prediction efficiency cannot
always be obtained by the above predictive encoding
-method. In encoding at a constant bit rate, in
particular, if pictures with poor prediction efficiency
are input to the encoding apparatus, a great deteriora-
tion in picture guality may occur. In encoding at a
variable bit rate, a large code amount is assigned to
pictures with poor prediction efficiency to suppress a

deterioration in picture quality, resulting in an
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On the other hand, tenporal enlargenent/reduction,
rotation, and fade-in/fade-out of pictures can be

approxi mated by affine transformati on of video

signals. 5 Predictions using affine transformation
will.therefore greatly inprove the prediction

efficiency for these pictureﬁ. In order to estimate a
paraneter for affine transformation, an enornous

anount of paraneter estinmation conputation is

required at the tinme of 10 encodi ng. Mire

speocfieeakl yn ahretetehcaupbetupré rostdee btitgnsf or ned

by using a plurality of transformation paraneters,

and one Oof thike opheambeass WEMERT&thiSHileg Jeied titsidugiion,
predi ction residual error nust be 15 determ ned. This
regaitpédonn 8R6r ABGS aﬁéﬁﬁﬁeoPUttPén@FSFH§€§oﬁan be
conmputation. This leads to an enornpuys a
enébarAg L BSHEGL BYi 6AToPeahTERERONS THREr S4lbeR signals.

re ¢cost and the diti

hard
Cr EReTOEOT On ABAPHNBE&r Pt SERP S ISP aDa CBnddda theretore
en8688§9YSZP§f di%ﬁglggedﬁﬁkggﬂle%%&gﬁen%ﬁdfﬂ%n%%egge

econes normus. In a I hver se

% g%urgransﬁﬂrg?ﬁbgntbse%%gﬂhﬁgdaabaEQ%eEb@Ef%& affine

ing, resulting in a great anount of decodi ng

CO%E%B@%bQﬁa@&ona %8l ¥nRirBubarfvane e@Sbardhefer
descri bed above, in the conventional video encoding

methedsasueh asmMBESSiosufiki ekgnt rpredicctihen time of

ef fi.ciency cannot be obtained wth respect to tenpora

4 ehangesgi.n video pictures other than translations.

In addition, in the video encodi ng and decodi ng

met hod More specifically, a reference picture must be
transformed by using a plurality of transformation
parameters, and one of the parameters which exhibits
the minimum prediction residual error must be
determined. This redquires an encrmous amoﬁnt of
transformation computation. This leads to an enormous
amount of encoding computation or an enormous increase
in hardware cost and the like. 1In addition, a
transformation parameter itself must be encoded as well
as a prediction residual error, and hence the encoded
data becomes enormous. In addition, inverse affine
transformation is required at the time of decoding,
resulting in a great amount of decoding computation or
a very high hardware cost.

As described above, in the conventional video

encoding methods such as MPEGs, sufficient prediction

efficiency cannot be obtained with respect to temporal
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using affine transformation, although predictibn

efficiency itself can be inproved, the overhead for 5

encoded data i ncreases and the encodi ng and decodi ng

costs greatly increase. Disclosure of Invention it is

an object of the present invention to provide a video

encodi ng net hod and apparatuslﬁnd video 10 decoding

nmet hod and appar atus whi ch can suppress increases in

conmput ati on anmount and the overhead for encoded data

while greatly inproving prediction efficiency with

r especigeso ihadilsgopirdtaigss iorhegatfisgultaensilgtweréh I

t he conventional video encoding 15 nethods such as

MPEGS! ffdva s a inedieepdilmtee eRcesEion g b deqadisl Fehded

of the present invention, there_.i s provided . a video
SR PO Eru AT 6

predi cti.ve inter-franme ncqodi ng _of, a .t o- be-encaode

P Sine iy Pepertsig & oen 56 g aEy o SRerdnad Tor

franmes for each .macr QC risj ratid

ol ST OF incr OBIGHES FPSm Phe BIorary fplecdding

reference fr ,-ﬁgy ing, as a predictive

C% S%% rea go e%c.ste'

macr obl ock, o macr obl ocks obtained by a |inear

i nterpol ation predigidOonQirad di NBaFereXtd@pol a 25 tion
predi ction using one of the plurality of reference

macr obl ogks,s &h ayefage omlue frddmntplinadridiprofto

reference macrobl ocks, or the plurality of reference 5

magiroblidek s, vandoereadidig o mertédidc teinvie agrpaoratsisgrald video

bet ween the sel ected predictive nmacrobl ock and a

t o-deeoehicgd e tiect @lyldo alpp gueddisc tihdgirnoder ismicere@Si on
incredses in computation amount and the overhead for
encoded data while greatly improving prediction
efficiency with respect to fading pictures, in
particular, in which the conventional video encoding
methods such as MPEGs have a weak point.

According to a first aspect of the present
invention, there is provided a video encoding method of
performing motion compensation predictive inter—-frame
encoding of a to-be-encoded frame by referring to a
plurality of reference frames for each macroblock,
comprising generating a plurality of macroblocks from
the plurality of reference frames, selecting, as a
predictive macroblock, one of macroblocks obtained by a
linear interpolation prediction or a linear extrapola-
tion prediction using one of the plurality of reference

macroblocks, an average value of the plilurality of

reference macroblocks, or the plurality of reference



and a notion vector. 5 According to a second aspect of
the present invention, there is provided a video
decodi ng nmet hod of decodi ng notion conpensati on
predictive inter-frame encoded data by referring to a
plurality of reference franmes for each macrobl ock
conprising receiving 10 encoded notion vector data,
encoded prediction node information, and encoded
predictive error signal, selecting, in accordance
with the notion vector data and the prediction node

i nhaerBbilerkswhenlBerntodiay agemedat&igepeedpet syanal
macrobl ock froma specific 15 reference frame of the
pl bealicey aher ekdeeted bradestiveblnageperacs and a
plurality of macrobl ocks fromthe plurality

r eterbrecenirdrss nesrableekgepéedic tapn Q@Qﬁaé@f95pﬁel°n'
of the plurality of reference franes as a predictive
maérebRosktien FeFt§énerate a predlctlve 20 nacr obl ock
by a linear extrapolatlon predlctl

i nt er poPSBH Bredicd GFCANd AFETET at %Iqéihe I%%&%\ed
233%&5 12941 1 e gensraled predihive cmmereblatkoq of

I'n conventi on vi deo

ﬁ%%é SChqu‘ %%%.%%sa%éoMPEE%dlc%l%%dght%Q frame

pre StivVe macrobl oc froma plurality of

ref enee f.anesy nefenence mcroblieeks iake ogXirederetice
fromthe respecti've reference 6 frames, and the

aveage v adie Lfcrs nralod 10k, heompdiksdelea eradrdblgocks
is used. According to such a conventional video

eneedidae: S ehemn hawneer daven drhedegimplriedidé ioh gode

pi cture signal varies over tinme due to
information, and encoded predictive error signal,
selecting, in accordance with the motion vector data
and the prediction mode information, whether to (a)
generate a predictive macroblock from a specific
reference frame of the plurality of reference frames,
(b) generate a plurality of macroblocks from the
plurality of reference frames so as to generate an
average value of the plurality of reference frames as a
predictive macroblock, or (c) generate a predictive
macroblock by a linear extrapolation prediction or
linear interpolation prediction, and generating a
decoded frame by adding the generated predictive
macroblock and the predictive error signal.

In conventional video encoding schemes such as

MPEGs, in order to generate a predictive macroblock

from a plurality of reference frames, reference

macroblocks are extracted from the respective reference
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5 fading or the like, the prediction efficiency
deteriorates. In contrast, according to the video
encodi ng schenme of the first or second aspect of the

~present invention, since a predictive picture is

generated by extrapolation or interpolation based on a

10 linear prediction froma plurality of frames, when

the anplitude of a picture si"gnal nonotonously varies

over tinme, the prediction efficiency can be greatly

i nproved. This can realize high-picture-quality,

hi gha@éj chrdcyhengodinge 151lha ¢hterghz heeoenkldi ng,

in general, encoded pictures are used as reference

f r artsaohetihmaencotibalys &+ desednd Yecoddtngi Eeureshate

used as reference franes on the decoding side. For

t htsnvensbnnat heifae| vepedingf SEReMdi njOHBY 86 | hen the

reference franmes becones a factor 20 that deﬁradeg thg
%:Ige ue o}

pr eupdifuAeerfi 8i BREFUT Avet+ 98P ngVEhEeSr8f et e
bl ock t d L Lit f .ref
(T ERBLnEXRTDLLS SEke! shPohoomngErp bt Parkt e -
tri but t ' t i C ' :
o RPLPEHEEaR: o ThrBRRY FAsR  pDapBRERY Y phe vides

25.kn ﬁ@n%sséP%88poEi£58r55959f8gigé&&ﬁdeﬁggg%ﬁgof the

AcEOrdrng®t 6 the first and second aspects o

pr LNYEOLLPRonAVEEAGENY PrEaessing plcBure is
plg?gﬁ%P§.Yﬁ7 of reference frgnes, mhichphgs a high

|0$Qn§kh%@ﬁ nef beetapbineanni sreLpokapbdatwbhchaksd on a
effective for fading pictures and the like, or an

optiimakrppedbctiaon Apda foplhirneéatyi nfefpehati onheanthe

be selected in 5 accordance with an in-put picture.

Thiespidkesei bf a picture signal monotonously varies over
time, the prediction efficiency can be greatly
improved. This can realize high—picture¥quality,
high-efficiency encoding.

In inter-frame encoding, 1in general, encoded
pictures are used as reference frames on the encoding
side, and decéded pictures are used as reference frames
on the decoding side. For this reason, the influence
of encoding noise in reference frames becomes a factor
that degrades the prediction efficiency. Averaging the
reference macroblocks extracted from a plurality of
reference frames exhibits a noise removing effect and
hence contributes to an improvement in encoding
efficiency. This effect is equivalent to a technique
known as a loop filter in predictive encoding.

According to the first and second aspects of the

present invention, averaging processing of a plurality-
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possi ble to inprove encoding efficiency for arbitrary

i nput pictures. According to a third aspect of the

present invention, there is provided a video encoding

method in 10 which in notion conpensation predictive

inter-frame encoding perforned by referring to a

plurality of video franmes for, each macrobl ock, a

plurality of reference franes are two franes encoded

i medi ately before a to-be-encoded frame, and in a

l'i near extrapolation is prediction based on the

pl urakkbtyroficeefeaense whichobbackshighelpeedf el Foe

macr obl ock is generated by subtracting, froma signal

obt#ifret, byideabl ingerhelahnpni vhdehotSthELeeFerenter

macr obl ock signal generated. fromthe i npediately.. ..

pré@édhggpﬂéiéréﬁcénﬁrﬁhﬁ,l%ﬁ@f29rr@?e?@ﬁb%aﬁaEF%g?SEkon

signal generated froma reference frane pre eging one

f r #eEef L6/ ¢ ABCFEMRBFEFBPy 2 bPEcSGPnéerﬁ?g?gﬁg t¥ane.

According to a fourth aspect.of the presen :

in@éﬁPFQ%Fcﬁhgﬂggi§np989ﬁge818E9F8éo ggg%d&ﬁgeﬁe%Eod

in_25.which in l.an ati-QF [,CkLVye ;

A e

plural ity. Ldeo franes for each macrobl ock, the

pI&P Fttélg%u¥ggérence 8 franes are two franes decoded

| mredi ately, Beher @c2a keriber nepeeded sl KagEprasenitn a

| i near extrapol ation prediction based on the

pl Yk aleinky o0f tebeeengepiaetiabboaksideheepredioyi wethod in

macr obl ock is generated by .5 subtracting, fromthe

si gmalch abt abnednbyodpeblsiang otihpredaplkivedénsfrrhgame

ref erence macrobl ock signal generated , )
encoding performed by referring to a plurality of video

frames for each macroblock, a plurality of reference
frames are two frames encoded immediately before a
to-be-encoded frame, and in a linear extrapolation
prediction based on the plurality of reference
macroblocks, the predictive macroblock is generated by
subtracting, from a signal obtained by doubling the
amplitude of the reference macroblock signal generated
from the immediately preceding reference frame, the
reference macroblock signal generated from a reference
frame preceding one frame from the immediately
preceding reference frame.

According to a fourth aspect of the present
invention, there is provided a video decoding method in
which in motion compensation predictive inter-frame
decoding performed by referring to a plurality of video

frames for each macroblock, the plurality of reference
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fromthe inredi ately preceding reference frane, the

ref erence macrobl ock signal generated froma reference
frame preceding one' frame fromthe i mediately 10
precedi ng reference frane. As described above, in
conventional video encoding schenmes such as MPFGs,
when the anplitude of a picture signal changes over
time due to fading or the i k& the predi ction
efficiency deteriorates. For exanple, 15 letting V(t)
be a picture frane at time t, and V' (t) be a picture

f r @gramals h&@etWowﬁkemehaﬁeundedg¢maeﬁadtagy before a
processing, fade-in and fade-out can be realized by
eqtiat-berencbylednd reRe, bndeqnaki dANEEY, e@éﬁap@d@@ap@s

a fade period; fade-in starts at time t = 0 and ends

at pZedtiicreon. basceqeat itbe PARralh)vi adi 5£6¢ A Fade
period; fade-out starts at time TO and _ends at tine
TOmaCTObYOCKs Y(Clh)c-’xP/deéLgtlwleéT‘)"‘CéfS})1?Cé‘t »5( 9@?}? l’@t’})ed by
(1) 25 Y (t) = .Y(t) TC» ) T-1
(T@@Mr@ﬁ)m@b) fEogt & ‘ﬁ)lg(‘%* P?} gnﬁgsﬂ?&e ? &g the
frane Y

peﬁﬁﬁpﬁggd% og Féebgegﬁgggg%a%Sgrgggg% Ssq%gaﬁ generated
% SlﬁndlY'%hlékei%bgﬁ% %%1 % Eg%e§%%%e %@%ﬁe, tge

are reference

%%elﬁagg%%l@%& f'@%%lag%i%QaW%@r%&%maa reference
pre |Ct|Ve pI cture

frame preceding one frame from the immediately
preceding reference frame.

" As described above, in conventional video encoding
schemes such as MPEGs, when the amplitude of a picture
signal changes over time due to fading or the like, the
prediction efficiency detericrates. For example,
letting V(t) be a picture frame at time t, and V'(t) be
a picture frame at time t which has undergone fading
processing, fade-in and fade-out can be realized by
equations (1) and (2). 1In equation (1}, {2} indicates
a fade periéd; fade—-in starts at time €t = 0 and ends at
time T. In equation (2), (b) indicates a fade period;

fade-out starts at time TO and ends at time TO + T.

Y‘(t{= Y (£) xt/T (0Zt<T)  (a)
Y (L) (t=T) {b) {1)
v = vy (e=T0) (a)

Y (t)x (T-t+T0) /T (TO<E<TO+T) Y

0 (E2TO+T) (c) (2)
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P(t) is generated fromthe average val ue of these two
frames, as indicated by equation (3). P(t)={Y

(t-1)+Y" (t-2) }/2 (3) 1In consideration of the fade
periods (a) and (b) in equations (1) and (2), the
predictive picture obtained by equation (3) is
represented by equations (4) and (5) as follows:
P(t)={Y(t-1) X (t-1) /T-rY(t-® x (t-2) /T}H2 (4 P
(t) ={Y (t-1) x (T--t+1+T0) /T+Y(t-2) x (T--t+2+T0)
/Ty/2 (5.) If thereis no time jitter in an origina

si gnal A¥snebafarte o ddiang, Yi'.(@), a¥(t)ine @ (Worstiate)
assuming 20 that Y(t) is constant regardl ess of t,
eqpabicens if4) i sape rf®rrade ivodi ﬁl%@@‘lﬁ@@@gjatﬁr@ﬁ@ (6nd
and (7): P (t) =Cx (2t-3) /ZTSg
(2fw2tf382E@)Y/ZI—@7)an@nYtHér th@@hﬂ%ﬂ$64rﬂ9 the same
t o- be-encoded signal Y (t) 25 is expressed by
eqéaticops oL@ sARg @F) tiye trjl=erd £l t-y are reference
(t) =Cx(T-t+T0)/T (9) 10 5 A predictive error signa

D( thra@stsai ned by subtractlng t he predlctlve pi cture

1) L020 Dl ) 05 L8 9, ARG Yo
( 1%)(t§ndls( 1]e)nera|%(etd) 'f%ﬁ{ %Le( %Qf)era%(et )valgé(%!izﬁh(‘ejsje) two
frames, as indicated by equation (3).
P{t)={Y’ (t-1}+Y" (t-2)}/2 (3)
In consideration of the fade periods {(a) and (b)
in equations (1} and (2), the predictive picture
obtained by equation (3) is represented by equations
(4) and (D) ae follows:
P{ty={Y(t-1)x(t-1)
JT+Y (t-2)x{t-2)/T}/2 (4)
CP(E)={Y(t~1)x(T-t+1+TO)
/T+Y (t-2) x (T-t+2+T0) /T}/2 (5)
if there is no time jitter in an original signal
Y{t) before fading, i.e., Y{t) = C (constant) assuming
that Y(t) is constant regardless of t; equations (4)
and (5) are modified into equations (6) and (7):
P(t)=Cx{2t-3)/2T (6)
P{t)=Cx (2T-2t+3+2T0) /2T (7)
On the other hand, the to-be-encoded signal Y' (t)
is expressed by equations (8) and (9):
Y'{t)=Cxt/T (8)

Y7 (t)=Cx (T-t+70) /T (@
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According to the video encodi ng nmethods of the third
and fourth aspects of the present invention, the
predictive picture P(t) expressed by equation (12) is
10 generated. P(t)=2xY" (t-1)-Y (t-2) (12) Assum ng
that Y(t) = C (constant) as in the above case, a
predictive picture at fade-in expressed by equation
(1) and a predictive picture Ht fade-out 15 expressed
by equation (2) are represented by P (t) =Cxt/T P (t)
=C)< (T--t+TO) /T Equations (13) and (14) coincide
with the (i3%i¢t4yet erberescgded pi{cturbsairpdebent ed
by equations (8) and 20 (9). In either of the cases,
t heuipr edtcinyetrerpredighaleDpt FtobeaPhed dyven by
subtracting the predictive picture fromthe encoded
pi etruaeibesods OndA¢7) déseni Bedtabeisenwby hedeghtango(B)
fading pictures, conventional notion_conpensation

t eghdi gBksisuekpass2§AMPEGBIBAGSBNFedi Qhafner fbt)

signals. In contrast, as is obvious, according to th

third and fodrith=4¢gééfs of the present invention, n§10}

residual erraor 3Lgnals re |1 produced, and the (11)

predi ction efflit Féﬁ@ﬁ/ﬁ eatly inproves. In equations

(1) and_(2), .1/ T represents, th f 98¢l R
A%ﬁatgéag_SBtF gsvﬁgeo %n%%%%%gfﬁetﬁgag 61! Bhe

fade-in 'S "obvi ous rom equati ons

'(1Q%i%Hdag51%OuEEhC89¥SEEEOB§|tﬂ@tb9@sent invention, the

predictive picture P(t) expressed by equation (12} is
generated.
| P(t)=2xY" (t-1)-Y"' (t-2) (12)
Assuming that Y{t) = C (constant) as in the above
case, a predictive picture at fade-in expressed by
equation (1) and a predictive picture at fade-out
expressed by equation (2) are represented by
P(t)=Cxt/T (13)
P{t)=Cx (T-t+T0) /T (14)
Equations (13} and (14) coincide with the
to-be—encoded pictures represented by equations (8) and
(9). In either of the cases, the predictive error
signal D(t) obtained by subtracting the predictive
picture from the encoded picture becomes 0. As
described above, with regard to fading pictures,
conventional motion compensation techniques such as
MPEGs cause residual error signals. In contrast, as is
obvious, according to the third and fourth aspects of

the present invention, no residual error signals are
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conpensation, a residual error increases as the speed
of change in fade increases, resulting in a.deteriora-
tion in encoding efficiency. According to the video
encodi ng nethods of the third and fourth aspects of

the 10 present invention, high prediction efficiency
can be obtained regardless o£ t he speed of change in
fade. According to a fifth a bect of the present
invention, in addition to the video encodi ng net hods

of the first and third aspects of the present

i ngesti:end, 4hdt haeepiredprovbdedfdividnoyencedlhy

nmet hod in which the to-be-encoded notion vector is a
notimppoveet or associated with a specific one of the
plurality of reference frames. In addition to the

vi deo eAcodiong theriods ) obrchd 2)20 1ddc /BT EAG FSulfiR SPeed
aspects of the present invention, _according Eo.a

si thchspeet 1af feHe-presdAt tpAGeRtiton, 5t har 8PV$0US
provi ded a vi deo encodin hod.in which, .the .

e 8EPFoa B 6ROV or 25k d L4 - a AoErBRCUEAPgR. motion
associ ated with a specifi f. al .t f
CoTaPERGE TRes : Eha PREInSErSh JoSrer ag a7 18 sPRed
scal_ed/ converted.i r e w e AL er- ; -
i BfanCe0 ot oA Pna b e decaded fiafe and [ocoriora

refterancs 12 LHANES olr¢198ReLat e mRlberiKgcter shkokitbe
remal ning reference franmes. By the nethods according

t 0.4 bedfihkShet®obiaubtith thaspects ehdt HeupkhseBpects of the
invention, a prediction 5 efficiency higher than that

i NpirBeepiti ahvant ioan he ghobtraidied iwint kfEéspeotyt gan be
fading pictures and the |ike
obtained regardless of the speed of change in fade.
According to a fifth aspect of the present
invention, in addition to the video encoding methods of
the first and third aspects of the present inventioh,
there is provided a video encoding method in which
the to-be-encoded motion vector is a motion vector
associated with a specific one of the plurality of
reference frames.
in addition to the video encoding methods of the
second and fourth aspects of the present invention,
according to a sixth aspect of the present invention,
‘there is provided a video encoding method in which
the received motion vector data is a motion vector
associated with a specific one of the plurality of
reférence frames, and the motion vector data is

scaled/converted in accordance with the inter-frame

distances between the to-be-decoded frame and reference



by using a plurality of reference pictures. If,
however, notion vectors for a plurality of reference
pictures are nmultiplexed into encoded data for each 10
encoded nacrobl ock, the encodi ng overhead increases.
According to an encodi ng scheme such as I TUTH 263,
an encoding nethod called a férect node i s avail ahl e,
in which no notion vector for“a B picture is sent,
and a notion vector for the B picture is obtained by
scaling is a notion vector for a P picture, which

st frdmssover geheraBepimetare, veAtatsofdanEeewr et Rend
inter-frane distance between a reference picture and
a refbseancodedmegi-cture. This direct node encoding
method is a nodel in which a to-be-encoded, vide

pi ct ur e Biys tAspmetineste @ 20068 prct Fef%ﬁ5§etﬁong§th
speed i s aInos%@constan a_short

or 0 .when viemeg.iﬁ%
pePFBECEE Citnd "CoPrESHONdrAY LG CBever BF °Fr5me8™ I n
many cases, thi.s.nmethod c reduc t he.
> en@%géElSPFg gfﬁg ﬁ%@?o%%@gc %r?hﬁcgg%ggggg%oggﬁebe
ne%%%%?n%% ka%hfkggge@%dtﬁ'%ggin S @%Eg?&g ofat BRe 1ike
present i nvention, as in the dir CF node for B
pi gLu g caseob rPrRiret-ehes, peBkyrene woetion
ve% o?ggpgfhebggfion yectofs for a pFuraIfty of 13
retenenee,f rameen sceneededorandponrhhetgesgdirageskdes
the received notion vector can be scaled in accordance
W bhcthe eisntaete fduame pdiestadnde tbr emcadedf daeacéor each
picture. This nakes it possible to achieve the sane
10 i npneverenmatrioblen&odithg ehfociiengcyvashehdt iachieeved-
by the nmethods according to the first to fourth
aspecbsdohat te presasrdingy estieds wichodf IAErélHsi R§3, an

t he encodi ng over head. , ) , ,
encoding method called a direct mode is available, in

which no motion vector for a B picture is sent, and a
motion vector for the B picture is obtained by scaling

15 | a motion vector for a P picture, which strides over the
B picture, in accordance with the inter-frame distance
between a reference picture and a to-be-encoded
picture. This direct mode encoding method is a model
in which a to-be-encoded video picture is approximated

20 to a picture whose moving speed is almost constant or 0
when viewed in a short period of time corresponding to
several frames. In many cases, this method can reduce
the number of encoded bits of the motion vector.

According to the methods of the fifth and sixth

25 aspects of the present invention, as in the direct mode

for B pictures, in the case of P pictures, only one

motion vector of the motion vectors for a plurality of
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In addition to the nethod according to the fifth
aspect of the present invention, there is provided a
10 nethod according to a seventh aspect of the present
i nvention, in which the notion vector associated with
the specific reference frane is a notion vector
normal i zed in accordance with the inter-frane distance
bet ween the reference frane ahd the frame to be 15
encoded. In addition to the nmethod according to the
sixth aspect of the present invention, there is
previrdednae Aethed agcendbBgd}0aal ehghhb aspeaingi Bide,
which the notion vector associated with the received

spedkf irec2@vedf anedeoa feameri 8aa bet boaledctar accordance

normali zed in accordance with the inter-frane

di sttahceéhketiveen-tthhemer éfietence frameaandfthentepapkctore.

be encoded. According to the nethods of the seventh

anfhéisghtkesadpeppssebleh&oprebénavei hhenspba, iaprovement

reference scale for 25 a notion vector to be encoded

i sivomBradingegafdrésscyf anhEbhér achéevatepyf Fafpncthods

di st ance changes and scalin rocessi ng for tion
Jopg i:

veBFEPEILBA {RetPEspetpivEC] FBréﬁE%C FaftstegnPhesent
done b t ti f_th
CETSFESRE U LPace LD6eRaSAPYebER PRFEREHBE T FERE NG
the framy Lae enoodedy, PYEslon s, Loy Eadche ri ren

perforn1arb|trary scal ing

noggpbk%leg ghgvbkeeex@caﬁeeheleﬁ @HQQQeQSMbLBVEBQd a

I nt rane | stance nmkes it pOSSI | e to per orm
sCAktRedPReess 8k Rg BY BULbLBhtrahbpACEl @REthe TREESERD

reduce the encodi ng and encodi ng costs.
invention, in which the motion vector associated with
the specific reference frame is a motion vector
normalized in accordance with the inter-frame distance
between the reference frame and the frame to be
encoded.

In addition to the method according to the sixth
aspect of the present invention, there is provided a
method according to an eighth aspect, in which the
motion vector associated with the received specific
reference frame is a motion vector normalized in
accordance with the inter~frame distance between the
reference frame and the frame to be encoded.

According to the methods of the seventh and eighth
aspects of the present invention, a reference scale for
a motion vector to be encoded is constant regardless of

whether the inter—-frame distance changes, and scaling

processing for motion vectors for the respective
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In addition to the nmethods according to the first 10
and third aspects of the present invention, there is
provi ded a nethod according to a ninth aspect of the
present invention, in which the notion vector to be
encoded includes the first notion vector associ ated
wth a specific one of the plurality of reference 15
frames and a plurality of notidn vectors for the
remai ni ng reference frames, and the plurality of
notion vectors are encoded as differential vectors

betpgen e Aawcdl idah ®fe MRAHOD WY GRS ANGITRIFINY only
vectors obtained by scaling the first notion vector

| N t2EC And@iee Midrh o20 He iinttear—fir-ane dissianeepetween

bet ween the to-be-encoded frane and the plurality of

r efearcénce flarames: fimeraddirtd amd drdne et fred snaccEddi ng

to the second and fourth aspects, there is provided a
metlhod s imec dradimgrtioreal 10t peadpent aofb itthra qyr esedting
invention, in 25 which the received notion vector data

i noneded i@t ifswevssot GroaEdddiaded WatHca sedion ¢o be
one of the plurality of reference franes and ,

di frgiosted all Wedter dndsdodiTarmed 45 tAHnAs M SSertdi MoTg1P1e
reference franes. The nDtion.vecifr ta.is ..

s c &% BEEHNE 36041 G EENERTIE Inith T LR IHCE T Fafd One -
di st ances bet ween $ﬁ}o-gﬁ-d3gpd%g f% @%&yﬁ% Jhe
referéncET rames® e Festitam st §are 't hen 5 "added

to the diff Nt ve 0t | :
vect or sCyanss"%:clle‘ﬁgc{leog4 vtv_'lot ﬁghﬁznetpﬁur a %{(ictog:fd@edf ggr?)entéﬂée First
f'r anes exeePt - dhe Sped e e fird®it ifeGoRtAe tie

the methods of 'the fifth and sixth aspects of the

Pr @SeRti dedl entitthod Riddie Gase tof sStiildth aspect of the
present invention, in which the motion vector to be
encoded includes the first motion vector associated
with a specific one of the plurality of reference
frames and a plurality of motion vectors for the
remaining reference frames, and the plurality of motion
vectors are enccded as differential vectors between the
plurality of motion vectors and motion vectors obtained
by scaling the first motion vector in accordance with
the inter-frame distances between the to-be-encoded
frame and the plurality of reference frames.

In addition to the methods according to the second
and fourth aspects, there is provided a method
according to a 10th aspect of the present iﬁvention, in
which the received motion vector data includes a motion

vector associated with a specific one of the plurality

of reference frames and differential vectors assocciated-
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10 pictures or pictures with a constant novi ng speed,

the prediction efficiency can be inproved by using a
plurality of reference frames w thout increasing the
encodi ng overhead for notion vector information. If,
however, the noving speed is not constant, a

sufficient 15 prediction efficiency may not be

obt ai ned by sinple scaling of° ot i on vectors al one.
According to a dual -prinme prediction which is one

predi ction node in MPE&R video encoding, in a notion
predigtipe ushAgnting eenseenteverhinekds, Thembidon2@ector
vector for one field and a differential vector between

a gpthonsveehdedgbbaiaetdebyiscatingdeheensitbntiect or

in accordance with - the inter-field distance and a
noihoervéetne fosttheeot hetweerl d apeb@né@@@@edAirame and
notion vector is expressed with a 1/2
reSbbute@areﬂseBﬁraméﬁaglﬁ@etﬁ@SPéFéPEn@étﬁaéFSbFBERS

of the two fields, alogp filter effect is % g
byaddeddapt £ie déééﬁréﬂéﬁﬁérgPCFPF?eFo ﬁnaag ﬂ 88

16 he
SRR 15 orea o P e oD b oL
di ffici . d t d f th
ﬁrﬁsﬁagsdeﬁ'{eﬁkezgﬁegﬁ%‘:%%e'gag153821%%%%25. of the
addi 1 09 880 g0 &f (68! RlcHAr ofr0 rhlate19htabaed Say &

ction loop filter effect
prggﬁgggsbgfa?PIaQQB%bﬁ% spathetenporal thil beke bliestill

predifction ciency for fading pictures and the
|i ke ¢ancheo i prreveds Fhitsh amkessittnpossibhg tpeed, the
ob

ain an encodlng 10 efficiency higher than that in
thereHietiant efficiency can be improved by using a
- plurality of reference frames without increasing the
encoding overhead for motion vector information. Ii,
however, the moving speed is not constant, a sufficient
prediction efficiency may not be obtained by simple
scaling of motion vectors alone.

According to a dual-prime prediction which is one
prediction mode in MPEG2 video encoding, in a motion
prediction using two consecutive fields, a motion
vector for one field and a differential vector between
a moiion vector obtained by scaling the motion vector
in accordance with the inter-field distance and a
motion vector for the other field are encoded. A
motion vector is expressed with a 1/2 pixel resolution.
By averaging the reference macroblocks of the two

fields, a loop filter effect is produced by an adaptive

spatiotemporal filter. In addition, an increase in
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In addition to the nethods of the first, third,

fifth, seventh, and ninth aspects, there is provided a
nmet hod according to a 11th aspect of the present
invention, in which the prediction node information 15
includes the first flag indicating a prediction using
a specific-reference frane or a prediction using a
plurality of reference franmesl@and the second fl ag
indicating that the prediction using the plurality of
reference frames is a prediction based on the average
20¥abuengl cgephunal by ok Labereseednacrabkogksaen ya
predi ction based on |inear extrapolation or |inear

i ntenpelatier ob anpliupabivktyeat hef enendengaerdbkaekcy.
and the second flag is contained in the header data of
an encodedofridnme ao tthe hedaterdsdatfa tbfe aiplthr ahidt y Odh
25 encoded frames. In addition to the nethods of the
seespdctBoulft the piresknteighehtiend 10t hdgdpécnsto an
there is provided a 17 nmethod according to a 12th

aspécecsf sihé lpresenthaitnebheiosd by ahifellrreime

prediction node information includes the first flag
i NBFERLLR&CR  piebi-ct LHR &Qpﬁgfélt§5e€¢§ﬁ€trBFeﬁéﬁeg by an

franme or a prediction using.a . 5 pluralit f ref

fr RHESTANE CRETSOERECFdg T LikATeat PROPERSACERED
redi.cti,on usi.ng t.he.pl [t f f '

B s eEPeN pale R R B b b e anfar B BT kg baIEe! S
pl%&%&b% F?f &ﬁ%%r?ﬁ%@sng%rggggﬁgﬁeoﬁoao?gﬁﬁg'gh'gﬂcoding
based on [

I near ex rapol ation or near

'gﬂg%Eﬁgh@hEthQ @ rPUEal ikhytofi nr eher erge rmagobl ock,

the secdond flag is received as the header data of
In addition to the methods of the first, third,

fifth, seventh, and ninth aspects, there is provided a
method according to a 1lth aspect of the present
invention, in which the prediction mode information
includes the first flag indicating a prediction using a
specific reference frame or a prediction using a
plurality of reference frames and the second flag
indicating that the prediction using the plurality of
reference frames is a prediction based on the average
value of a plurality of reference macroblocks or a
prediction based on linear extrapolation or linear
interpolation of a plurality of reference macroblock,
and thersecond flag is contained in the header data of
an encoded framé or the header data of a plurality of
encoded frames.

In addition to the methods of the second, foﬁrth,

sixth, eighth, and 10th aspects, there is provided a
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an encoded frane or part of the header data of a
plurality of encoded franes. As described above,
according to the present, 15 invention, an inprovenment
in prediction efficiency and high-efficiency,

hi gh-pi cture-quality encoding can be realized by
adaptively swi tching between L?e operation of '
generating a predictive macr ob ock, for each
macr obl ock of an encoded frame, fromonly a specific
20 reference franme of a plurality of reference franes,
t heet pper atcondpfiggeneaal 2nly aspeedi ef i Viee neceddbek
from the average value of a plurality of reference

pi thueesionandnt neicherhei bredicheperipdngiatormation
predi ctive nmacrobl ock by |inear extrapolatjon, or ,

| i heatuiincetpel Airoh 6tad dBdpraFaldty BFeFEfet@hcesing 2
pi ctures. For exanple, a prediction fromonly.a
spéEPFF@lCréﬁé?éﬁ@%efﬁﬁﬁﬂeoPraapPE?QFFF§°%fu¥%?%r%nce
frapes 18 (prediction node 1 in this.case
efPéEF?%étVoP%are%FE?ﬁFg bPATFEn I Sggi%%?éﬁgrg%%gat
whi,ch.a_background lter Ly _a S [ r
oveRd: FRELay ERe Cr byar AEPB T nr HRERRC L RO o PR Rt Se

gksrghgs EFERSF;iQ 2 BE@Q?EE&QR £LoButbe ANer aG8rag
a.p i re

I
val'ue "o urality of erence pictures -

(pegghgtE?nanﬁgﬁrglﬁﬂytBESr6@§§énc€HK§§rbb1@@ﬁ§ibfeat0
obtain a [oop filter effect of renoving encoding

di pt-eKt @RohNpREEEr ACR i pkaFUERSrapYhenibheoanplheare

of "a picture signal such as a fading 10 picture varies

overtkirpelathenpbédiacpilonadfitiycbéncyfeamnceeniappbledk,

by linear extrapolation or linear inter- polation of a

pl unal by ekcpefieféngeipi cegeéyed as the header data of
an encoded frame or part of the header data of a
plurality of encoded frames.

As described above, according to the present *
invention, an improvement in prediction efficiency and
high—efficiency,‘high—picture~quality encoding can be
realized by adaptively switching between the operation
of generating a predictive macroblock, for each
macfoblock of an encoded frame, from only a specific
reference frame of a plurality of reference frames, the
operation of generating a predictive macroblock from
the average value of a plurality of reference pictures,
and the operation of generating a predictive macroblock
by linear extrapolation or linear interpolation of a
plurality of reference pictures.

For example, a prediction from only a specific

reference frame of a plurality of reference frames
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(prediction node 3 in this case). In general, in a
conventional encodi ng schene, 15 when opti nal

predi ction nodes are to be selectively swtched for
each macroblock in this manner, a flag indicating a
predi ction node i s encoded for each nacroblock while
bei ng contai ned i n header data of each nacroblock. If
many prediction nodes are seléétively 20 used, the
encodi ng overhead for flags indicating the prediction
nodes i ncreases. According to the nethods of the 11th
and{piddi ctaspeatosleofl tihe tpriesentse)nientifdectdve for a
conmbi nation of prediction nodes to be used is limted

t 0 o cooms matritde25 ofa Eriedilet ifoemepdds Whiahd a2 background
conbi nati on of prediction nodes 1 and 3 for each
encoded fatanty, @hpearse@asd Filsagriasdisc aviedg téne -of Wik
above conbinations is 19 prepared, together with the

fi o hdd md TG Borddicvt idiit Pnddé t1e bl Jeitdsr. 2
nmode 2, or, prediction node 3. The second flag. .

i ndiRestliGig Athe TOBhtiradvET 26 1 éleprogdiacﬂlblﬁgﬁt}&é’s o
Cont%{ned in_t.h head%r d .at5 of a%‘e@code%hgraggge)
The FHFHH &g GNdiat P “préd T eH%n mode '¢an Bé&

changed, f.qr _eac cr.opl an I S._caqntained h
he%‘&g(resdalt%apo % bg%rrg%r o%c%lcl%. % ﬁ?u% ggr%%regd%gggtcﬁe%f

ov 43%39 Iptieds Wit I8 on RREicGLian ADEeS thifes .
engg e &gfzgﬁ%%h' en?thé)anﬁ?ﬁtaﬁeeofra gic ure =

Si gnaln W £$13 el RAIITY PiGlHe CRARERT @veh GHisM, fading
the-anplitudes wuniformy changes over tine within the

framtdy ddhiiss eesonird)ientd priradinteot kdfiwiktaky can

‘bet ween prediction

be improved by linear extrapolation or linear inter-
polation of a plurality of reference pictures
.(prediction mode 3 in this case).

In general, in a conventional encoding scheme,
when optimal prediction modes are to be selectively
switched for each macroblock in this manner, a flag
indicating a prediction mode is encoded fer each
macroblock while being contained in header data of ecach
macroblock. If many prediction modes are selectively
used, the encoding overhead for flags indicating the
prediction modes increases.

According to the methods of the 1lth and 12Z2th
aspects of the present invention, a combination of
prediction modes to be used is limited to a combination
of prediction modes 1 and 2 or a combination of

‘prediction modes 1 and 3 for each encoded frame. The

second flag indicating one of the above combinations is
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node 2 and prediction node 3 for each macrobl ock; no
15 deterioration in prediction efficiency occurs even
if a prediction node is fixed for each frame. A
background or the |like alternately appears and

di sappears over tine within a frame regardl ess of a
change in the anplitude of a picture signal over tine.
20 If, therefore, a backgrountd®i s fixed for each
frame, the prediction efficiency deteriorates. This
makes it necessary to switch optimal prediction nodes

fo r%%%@edﬂa%b%gkg%% wgichg rhie st rhhaginsepacahg! y
setting the fl ags indicating the predi ction nodes’in

t he r2%ikeader ook a,f paewiandoreanabl ok ol-npt-beiaboys
manner makes it p033|ble to reduce the encoding

ovelkiead . wrheodkcdedr &diang ihbe catedigcthen cefnbli abeney. of
20 According to a 13th aspect of the present

i nért pordiciiepe medpsovisdednéainegdoiencbei hganetrhddia
in which in notion conpensation predictive inter-franme
eneddiang epertiedmidaby . r effber fagsto faapl andicegiot a
video 5 franes for each nmacrobl ock, a predictive
maBrERILEER Ons MOogenEratL B ﬁyaagﬁﬁnéar prEli BREEARPLPEIM and
the plurality of reference franes, gredlctlve error

si gfaFobéeiBEr ﬂﬁethﬁrQSPQFFvgaﬁﬁchbF EKMEREORMOCK -
ded | ock t . d
F o e A C PP ock toaRd=ane0CORBPRARFGH BF b Phe
car PO hg di ot .
o BB YSRORLR! B0 5 LG fhe knear  preoicton i

accor Mheh0 thBe adBifr ASPEE! o BIERNULNG AR LAEA a5 a

aspect of the present |nvent|on here i s provided a

metrhadniynpWiikGhet BBanges over time, the amplitudes
uniformly changes over time within the frame. For this
reason, there is no need to switch between prediction
mode 2 and prediction mode 3 for each'macroblock; no
deterioration in prediction efficiency occurs even if a
prediction mode is fixed for each frame.

A background or the like alternately appears and
disappears over time within a frame regardless of a
change in the amplitude of a picture signal over time.
If, therefore, a background is fixed for each frame,
the prediction efficiency deteriorates. This makes it
necessary to switch optimal prediction modes for each
macroblock using the first flag. Separately setting
the flags indicating the prediction modes in the
headers of a frame and macroblock in the above manner

makes 1t possible to reduce the encoding overhead

without degrading the prediction efficiency.
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is. plurality of reference franes are past franes wth
respect to a to-be-encoded franme. According to a 15th
aspect of the present invention, there is provided a

vi deo decoding nethod in which in decoding notion

conpensation predictive 20 inter-frane encoded data by
referring to a plurality of video franes for each
macr obl ock, notion vector dataZnd a predictive error
signal which are encoded for each macrobl ock and a

conmbi nation of predictive coefficients which encoded

for each Acarmedare trecei st a22%a predilot ieesent

macrobl ock is generated fromthe plurality of

r ef éreiegd foramddidne dec grdarickedaiat v itdee reotdosh nge atedrhod,
and predictive coefficients, and the generated 21

pr edirc tHhie ey gt &veredes Priadi amadd alirvsr igitgalirane
are added. In addition to the nethod according to the

fif RCOLPSEPEHEHE By ¢ Tereiy dspector y of video
present' 5 invention, there is provided a nethod i _
Whi O IS SRR e APURsTen Ce HHSHES 14ite TpgseP ock is

f J . - he- d f . .
rcodPReRge BRE Sranene” s SNE Tl o Lah PRpadLY of

of %e&re%%%ntfrjaﬁ%%qt ia?%irﬁ%i%ct%v%r %‘iif'r%)tfj ;éﬁ.%%l between the

coefficients can be se an arbitrar

di 1 @6lig@Ret 1 vieN & aRE8H1610R Hff fairCIBROY LRAMARE TRV 84 a
by using an optinmal conbination of predictive

coefbitGbantecebrt hee encod-R0 rPirde ket rRRinsLWaen  t heg o
anplitude of a picture signal changes over tine as in

t he coabe naf ianf adi pgeds cpiitteUke Tt cdles® sMTer @&he linear
arbitrary time jitter occurs
prediction is encoded for each frame.

- In addition to the methods according to the 13th
aspect, according to a 1l4th aspect of the present
invention, there is provided a method in which the
plurality of reference frames are past frames with

. respect toc a to-be-encoded frame.

According to a 15th aspect of the present
invention, there is provided a video decoding method in
which in decoding motion compensation predictivé
inter-frame encoded data by referring to a plurality of

'video frames for each macroblock, motion vector data
and a predictive error signal which are encoded for
each macroblock and a combination of predictive
coefficients which encoded for each frame are received,
a predictive macroblock is generated from the plurality

of reference frames in accordance with the mction

vector and predictive coefficients, and the generated
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transnitting the above predictive coefficients upon
mul ti pl exi ng them on encoded data all ows the sane

| inear prediction as in encoding operation to be 20
performed in decodi ng operation, resulting in

hi gh-efficiency predictive encodilng. According to the
present invention, an inprovenent in encoding
efficiency can be achieved by a prediction froma

plurgliiy; of i fel I enae damms: HUGYELdi 88ivd e2fot eignal

case 0 pictures 1n MPEG a predictive from
tenpo%gélgdg gsecutive frames may be done by using a
plural 1ty of past and future franes as reference 22

frames. |nraddidi @enasoi Fhé hee€idse 8fcbrandgPto the fifth
pictures in MPEG only past franes may be used as

ref ergaeect f anesor &g hies rorestla pdpeat i ¢ F ﬁﬁep@B@séht 
and | pictures may be used as reference pictures. 5
Thi s pfvenmgesent ticane real przevahedd nuetlhed ph cwlyieh the
gqual ity higher than that of conventional MPEG )
encodpigrallny emt ok frer @ ckiaess ust ageant yIpages with
pictures, in particular, the encoding efficiency can
be_grE@mﬁ%Ct:h@r?y%@ﬁ@%r%ﬁﬁﬁ%ﬁ%?ﬁ%ﬁ?%-tPe prior ?rt by
using a plurality of past reference fra upl i

in the pri%?coéﬁ%?glEoeﬁg%d?ﬁbh% %r%%iBﬁeugﬁﬁB EB ggth
pi ctures, ther IS no need to provide a'de|§§¥£8{ctive

r ear rafifenent © th%h%B%%%n?r%m% Ft%%?s fekes ¥t
poss'bleg%?cigﬁ#%zgan!ﬁgv§$#a¥neQ&°Q£Q9tr§f Of 80941 Pection,

‘the pres vefiti on, therefore, a greater

gcg;oﬁﬁgfgéfggfggggg%gg?%géﬁé§i@@&ybgaﬂmgﬁo@é&aﬁﬁeﬂsing an
optimal combination of predictive coefficients on the
encoding side not only when the amplitude of a picture
signal changes over time asrin the case of a fading
picture but also when an arbitrary time Jjitter occurs
in the amplitude of a picture signal. In addition,
transmitting the above predictive coefficients upon
multiplexing them on encoded data allows the same
linear prediction as in encoding operation to be
performed in decoding operation, resulting in
high-efficiency predictive encoding.

According to the present invention, an improvement
in encoding efficiency can be achieved by a prediction
from a plurality of reference frames. However, as in
the case of B pictures in MPEG, a predictive from

~ temporally consecutive frames may be done by using a

plurality of past and future frames as reference




than in the prior art. Brief Description of Draw ngs
FIG -1 is a block diagramshowi ng a video encoding 20
nmet hod according to the first enbodi nent of the
present invention; FIG 2 is a block diagram show ng
a video decoding nethod according to the first

enbodi ment of the present invention; 25 FIG 3 is a
view showing an inter-frame prediction relationship
in video encodi ng and decodi ng net hods according to

t he second enbodi nent, of the present 23 inv niion'
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nmet hods according tot ifth enbodi nent of

presegbal WentiRer FHGan 7ehst do ¥ i €T &+ £XP4 BIMPIY encoding.
vector information encodi ng and decodi ng net hods

accorth ngntOdihg Bixibturdd eobogli sy wist heipresent in

invention; FIG 8 is a view for explaining vector

i nf orpat t doul eng otlha gemndd tdeg ot Higc et dpdsamdeorgiemt 1y

to the seventh
improved as compared with the prior art by using a
plurality of past reference frames unlike in the prior
art. In encoding operation using no B pictures, there
is no need to provide a delay for rearrangement of
encoded frames. This makes it possible to realize
low-delay encoding. According to the present
invention, therefore, a greater improvement in encoding
efficiency can be attained even in low-delay encoding
than in the prior art.

Brief Description of Drawings

FIG; 1 is a block diagram showing a video encoding
method according to the first embodiment of the present
invention;

FIG. 2 is a block diagram showing a videco decoding
method according to the first embodiment of the present
invention;

FIG. 3 is a view showing an inter-frame prediction

relationship in video encoding and decoding methods

according to the second embodiment of the present.
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enbodi nent of the present invention; FIG 9 is a block

di agram showi ng a video encoding 20 apparatus for
executing a video encoding nethod according to the

ei ghth enbodi nent of the present invention; FIG 10

is a flow chart show ng a sequence in a video

encodi ng nmet hod according to the=minth enbodi nent 25

of the present invention; FIG 11 is a view showi ng an
exanpl e of the data structure of the picture header

or slice header of 24 to-be-encoded video data in the

ni nt h*8ABOUTHRAt; FIG 12 is a view show ng an

exanpl e of e dat t tu c c et
to-be-encogég‘v?d%% %a%ggwi%ﬁ?ﬁgnﬁi%?higﬁégdgﬂgﬁ?;pEEdlCtlon
FI G L §; 5 | t | GhdHods
of tog. %%ghgg%ﬂégﬁlv?ﬂgﬁigg? a&g%(g%%?n%mtggé?%%&ﬁ?’m h '
enbodi Rt a1kl Go 18nk StRi Fh ovnshai he SHOXME NEh@ SEGHIEMNEE

in a video decodi ng nethod according to the ninth .10
enmbodi ppattiEhG 15 is a view for explaining tenpora
linear interpolation in the ninth enbodinent; FIG 16

is a view foG.egphai ai ngetvenpowahygl aneanter-frame prediction
interpolation in the ninth enbodinment; 15 FIG 17 is a

vi ew shbat hgnahiexanpreded entoabay apdedecedieg methods
coefficient table according to the first and eighth

‘enbodacentdin@l & tBei Soar Vh evilapdinent ant eldmprec otk
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invention;

FIG. 6 is a view for explaining vector information
encoding and decoding methods according to the Eifth
embodiment of the present invention;

FIG.V7_is a view for explaining vector information
encoding and decoding methods according to the sixth
embodiment of the present invention;

FIG. 8 is a view for explaining vector information
encoding and decoding methods according to the seventh
embodiment of the present invention;

FIG. 9 is a block diagram showing a video encoding
apparatus for executing a video encoding method
according to the eighth embodiment of the present
invention; |

FIG. 10 is a flow chart showing a sequence in a
video encoding method according to the ninth embodiment
of the present invention;

FIG. 11 is a view showing an example of the data

structure of the picture header or slice header of




predictive coefficient table according to the first
and 20 eighth enbodinents; FIG 19 is a view show ng
an exanple of a table indicating reference franes
according to the first and eighth enbodinents;’' FIG
20 is a block diagram showi ng a video 25 encodi ng
apparatus according to'the 10th %?bodinent of the
present invention; FIG 21 is a ock di agram show ng
a video 25 decodi ng apparatus according to the 10th

enbodi nent of the present. invention; FIG 22 is a
Vi ew maﬁeﬁ@ngﬁd@%g%ﬁ@%fﬂagasgﬁt LRei RypLht PWBOWH@EF

redictive eff|C|ents accor 5 the

of the presfﬁf.*& 12 I P Ao Eop gt an r P Ao giing Ban dat
exanmpl table show ferepnce, franes .a n

Ca b talse ko e sy ma%ﬁsg%%%en O oaht BiEB BRI g;8%aata

is a %IethOEl éﬂlghﬂbﬂg t|on vector 10

i nf or mation ict1Ve enco ing method according to

sthe 15 e”b%f_’['dmﬁ% 9fs LheiRLEeSABl LY eRk B'E}er'e:lh(f‘ d4%al S
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a view for explalnlngarmtlon vector i nformati on

predi glirve rereodirngonBthef 8068 #iRgot @atRCaccording to the
enbodi nent of the present invention;, FIG 26 is a

bl ock ndihagr arbsheweng;t he arrangenent of a video
encodi ng apparatus according to the fourth enbodi nent
of the presam. ildveést hofilokl Gha2% bBhoaivgew Berjuence in
expl ai ni ng an exanple of a
a video decoding method according to the ninth
embodiment;

FIG. 15 is a view for explaining temporal linear
interpolation in the ninth embodiment;

FIG. 16 is a view for explaining temporal linear
interpolation in the ninth embodiment;

FIG. 17 is a view showing an example of a linear
predictive coefficient table according to the first and
eighth embodiments;

FIG. 18 is a view showing an example of a linear
predictive coefficient table according to the first and
elghth embodiments;

FIG. 19 is a view showing an example of a table
indicating reference frames according to the first and
elighth embodiments;

FIG. 20 is a block diagram showing a video
encoding apparatus according to the 10th embodiment of

the present invenition;

FIG. 21 is a block diagram showing a video




i near predictive coefficient determ nation nethod 20
according to the enbodi nent of the present invention;

FIG 28 is a view for explaining an exanple of a

| i near predictive coefficient determ nation nethod
according to the enbodi ment of the present invention;

FIG 29 is a view for explaining2an exanple of a 25

linear predictive coefficient determ nati on nethod
according to the enbodi ment of the present invention;

MG Hed S| AU LXRANNGAN LXAIPLR 0l ArBinent of

i near predic coefficient determ nation net

accor difg ¢, 41 ehegdident; of the present invention;
FIG 31 is a view for explaining an exanple of a

linear predrodi vee coefd il antsHirtieigratate@mpTRt Bed a5 syntax
according to the enbodi nent of the present invention;

FI G 321dls:aEtMgewﬁrwaxe>pp49ahmtﬁgreacmtﬂf@ﬁz\émtsoaccordmg to
search nmethod according to the enbodi nent of the

Sor esertthd mydntdioentFlc@ 32 pxesevitewnfventéwpl:ai ni ng a
notion vector 10 search nethod according to the

enbodi ment ®IGt a3 iy esenitew mrentlingn anFle@ar@d e 9faa table
view for explaining a notion vector encoding nethod.

accor diheying med eawped renrmest ackerdpngsént thavenbpdament of
15 FIG 35 is a VI ewfor expl aining a notion vector
encodith§ FEETEE tadEdreait ﬁ(j’r’t'o t he enbodi nent of the

present . FIG 36 is. a view show n

it or -1 and L o d oh YR erhPen Sy SAeaBPdrngotd cphgector
lOenbOdH%%%Ematlon predictive encoding method according to the
embodiment of the present invention:

FIG. 25 is a view for explaining a motion vector
‘information predictive encoding method according to the
embodiment of the present invention;

15 FIG. 26 is a block diagram showing the arrangement .
of a video encoding apparatus according to the fourth
embodiment cf the present invention;

FIG. 27 is a view for explaining an example of a
linear predictive coefficient determination methed

20 according to the embodiment of the present invention;

| FIG. 28 is a view for explaining an example of a
linear predictive coefficient determination method
according to the embodiment of the present invention;

FIG. 29 is a view for explaining an example of a

25 linear predictive coefficient determination method

according to the embodiment of the present invention:;

FIG. 30 1is a view for explaining an example of a
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20 the present invention; FIG 37 is a view for

expl aining a notion vector encodi ng met hod according
to the enbodi nent of the present invention; FIG 38
is a view for explaining a notion vector 25 encoding
met hod according to the enbodi nent of the present
invention; FIG 39 is a view foro@explaining a notion
vector 27 encodi ng nethod according to the enbodi ment
of the present invention; FIG 40 is a flow chart

howi f . _ . .
O BB REEHLEE L2 ca L8R, ERE oL PO-APREE bRt L roa

a VIe%EESE fﬁgl@bnt g @mﬂ@ﬁgﬁ%ﬁﬁgoprﬁg'gféQQnt inyention;
accor di ng ?o he enbodi nent of the present Invention;

FIG 42 ﬁ%@@ whewsshowing R dabaashiHet UheeQbmpll of a
a picture header or slice header according to the

enbOQiﬂﬁ@5r0$réaﬁc9&eéeebekﬁyeméh@naeEéﬁhiﬂstiénamyt@@ﬁ
showi ng the Tirst exanple of the data structure of a

wei ghitagraiedi ebi enecerbbicinent ofabhe peesedt ngntention;
t he enbodi nent of the present 15 invention; FIG 44 is
a view showiigg Bheiseeondeexdnpl exptaihhegdataotion vector
structure of a weighting prediction coefficient table
accor gdeagchomehbodnbodoméhhgotot hee pregdnnenihveht tlon;
20 FIG 45 is a view show ng the data structure of

present invention;

FIG. 33 is a view for explaining a moticon vector
search method according to the embodiment of the
present invention;

FIG. 34 is a view for explaining z motion vector
encoding method. according to the embodiment of the
present invention;

FIG. 35 is a view for explaining a motion vector
encoding method according to the embodiment of the
present invention;

FIG. 36 is a view showing an inter-frame
prediction relationship according to the embodiment of
the present invention;

FIG. 37 is a view for explaining a motion vector
encoding method according to the embodiment of the
present invention;

FIG. 38 is a view for explaining a motion vector
encoding method according to the embodiment of the

present invention;

FIG. 39 is a view for explaining a motion vector



t o- be-encoded vi deo data according to the enbodi nent

of the present invention; and FIG 46 is a flow chart
showi ng a procedure for video decoding according to
the present invention of 25 the present invention.

Best Mbde for Carrying Qut the Invention FIG.1 is a

bl ock di agram show ng a vi deo engpdi ng 28 appar at us

whi ch executes a video encodi ng nethod according to

an enbodi ment of the present invention. According to

t hi s" appar at us, redi ctive macrobp] ock neratin

uni ¢ hBogener e Buba e hFbiErPvEepERE CPEPPRORFRE: RE the
frame_stored in _a first reference frane nmenory 117

and t REFPame3Y6led®'h a second reference frane

menory .1 A,predicti I l.ecti '

120 selec%gcan4§p??nélkéggggg%?gegﬁéggggl%CEQgFgﬁpgﬁefor

predi gt g QEEB&EﬁggﬁgﬁHgg%ﬂgt€5 #AQ Qﬁ585§ﬁﬁétao%othe

predictive error s y calculating t

sdi ffepepcenbet Weent @hyt nput signal 100 and a

predictive signal 106. A DCT (D screte Cosine
Transform rygit 41125 perhienneobCExporithagpuedietyhteng
error signal 101 to send the DCT signal to a quantizer

113. ghedguanbhzeccot§idd3tquanti easotimmeDCTosi ghal ptesent
send the quantized signal to a variable |ength
encodenvéiddionhe variable |ength encoder 114

vari abl e-1 engt h-encodes the quantized signal to

out put encéded datas182vigneshowingbbbel agehsenvetivice of
114 encodes notion vector 20 information and

10 pr edi 8t PRI BB EARSF nat | BhiTeohpedelederPhddnpater the
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and Ogéggéfmégg 5§S€£éa££eg§£? invention;

FIG. 43 is a view showing the first example of the
data structure of a weighting prediction coefficient
table according to the embodiment of the present
invention;

FIG. 44 is a view showing the second example of
the data structure of a weighting prediction
coefficient table according to the embodiment of the
present invention: _

FIG.J45 is a view showing the data structure of
to-be~encoded video data according to the embodiment of
the present invention; and

FIG. 46 is a flow chart showing a procedure for
video decoding according to the present invention of
the present invention.

Best Mode for Carrying Oui ithe Invention

FIG. 1 is a block diagram showing a video encodihg
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together wth the encoded data 102. The quanti zed
signal obtained by the quantizer 113 is also sent to a
dequanti zer 115 to be dequantized.' An adder 121 adds
25 the dequanti zed signal and the predictive signa

106 to generate a |ocal decoded picture 103. The

| ocal decoded picture 103 is weiggten in the first
reference 29 franme nmenory 117. In this enbodi nent, the
predictive error signal 101 is encoded by a DCT

encodt A ERNB el HMBA S (3 HeTOF ity G ey o
[P AR & ey Slbod LA MR e Bt ion.

| engt y be “rteplace
encodj ' ' | o '
of tﬁ%gg??(g#eé 2%%0@2%9?& iBfe y %@%?%t e c%%ﬁﬁloc}(

franf%éﬁﬁg%p%ﬁ%oﬁﬁ%kifﬁérﬁ%ﬁéf§ﬁe§Qi?ﬁf%ﬂ%%ﬁf@%?bicture from

meno a |l ocal decoded picture of the frane

encodede f g iher s+ belerenther aboverdfarends staiedndibry 117
the second reference frame nenory 118. The predictive

macr ocbh@Ckhe gEARRAL & NEremi in 14 % gened at €fe werpt@df £dre/ enenory
macrobl ock 15 signal 130, predictive nmacrobl ock signa

131, 1pgedixtpyed hect oblwoke s grat 48R clandy predi ct2@e
macr obl ock signal 133. The predictive macrobl ock

si gnate 80t $ sam spigimed ] exteditieve moncod Aoachef pitet tthe

in the first reference frame nmenory 117. The 20

pr ediet ¢dbchiee abl @Ekrei grial SUBAra gt er ek ofprrkates a
signal extracted fromonly the picture inh the second

ref erRFRe CEH e Fetorsian®dl bk by et bty R W& rioht ock

Slgnqgi%ggrence between an input signal 100 and a predictive

signal 106. A DCT (Discrete Cosine Transform) unit 112
performs DCT for the predictive error sigral 101 to
sénd the DCT signal to a quantizer 113. The quantizer
113 quantiées the DCT signal to send the quantized
signal to a variable length encoder 114. The variable
length encoder 114 variable-length-encodes the
quantized signal to output encoded data 102. The
variable length encoder 114 encodes motion vector
information and prediction mode information (to be
described later) and outputs the resultant data
together with the encoded data 102. The quantized
signal obtained by the guantizer 113 is also sent to a
dequantizer 115 to be dequantized. . An adder 121 adds
the dequantized signal and the predictive signal 106 to
generate a local decoded picture 103. The local

decoded picture 103 is written in the first reference
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is a signal obtained by averaging the reference
macr obl ock signals extracted fromthe first and second
25 reference frane nenories. The predictive nmacrobl ock
signal 133 is a signal obtained by subtracting the

ref erence macrobl ock signal extracted fromthe second
30 reference frane nenory 118 fremthe signal obtained
by doubling the anplitude of the reference nmacrobl ock
signal extracted fromthe first reference franme nenory

117. Theser§$edictivf macr obl ock signals are extracted
5 froff ApIFEY v bf- positions in the respective

oo oek TePET 8] SrlaRitbit VP TRPLEL e Y orror signal

macr obl ock predi ¢ Nacr o

selecting. unit 1 l.c L] ference DetMeen ang
each g)fthse ep’ﬁ%?é (flt%? 8135(2# e%gie%?fc%%’ee%acr obl oclk an
si gna| a I ctifgevRES bl OckeT

gene?% ?%ggﬁéi%EQ%g¥5%§§?ﬁgﬁgto-be-encoded macr obl ock

signal . ext fach edi &k o hee Fapidcod deprisi gnadvdid  The

predi ctive macrobl ock " s.electing unit 120 then

sel ect 52 90800, the piedi£tiyslé sl emgtiobdekdisigned s, be
whi ch exhibits a minimumerror for each to-be-encoded

macr opdeTKce@ngi sienstsi tiee st estectdimne to the

subtracter 110. The subtracter 110 cal cul ates the

di f f er encelbetmieenchbedseéet: ed lprali decodedueiobroekot the
signal and the input signal 100, 20 and outputs the _
predi ftave ercodedi jredioielwhee fopesi thorCwfr¢He frame 1s
sel ected predictive macroblock relative to the

t 0- bes epredeth nle? obt btk BREEIPRCYeherat iBH Ot hbly and 2

for the selected predictive macroblock signal gy rurther

before the above frame 1s stored in the second
reference frame memory 118. The predictive macroblock
generating unit 119 generates a predictive macroblock
signal 130, predictive macroblock signal 131%,
predictive macroblock signal 132, and predictive
macroblock signal 133. The predictive macroblock
signal 130 is a signal extracted from only the picture
in the first reference frame memory 117. The
predictive macroblock signal 131 is a macroblock signal
extracted from only the picture in the second reference
frame memory 118. The predictive macroblock signal 132
is a signal obtained by averaging the reference
macroblock signals extracted from the first and second
reference frame memories. The predictive macroblock
signal 133 is a signal obtained by subtracting the

reference macroblock signal extracted from the second
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of the signals 130 to 133 in FIG 1) are respec
vely encoded as a notion vector and prediction
for each to-be-encoded bl ock. The vari abl e.
h encoder 114 encodes the 31 encoded DCT
icient data 102 obtained through the DCT
former 112 and quanti zer 11§ and side
mati on 107 containing the nn?ion vect or i nforna-
and prediction node information output fromthe 5
ctive node selecting unit 120, and outputs the
reAerears asaBacoawdrdal 481608onTheeentoded dhtained by
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present 1nvention.

FI G

I'ng para ex S
' c | 0 | t

R el R
2ipgegkves and decodes the data encoded by the

vi deo encodi ng apparatus according to the first
e”bOdi”EntTﬁBOp@eHmctzeeFthrébl@@keséDSQEihﬁaﬁ£Yt 220
variabl e I ength decoding unit 214 decodes the

vari abheclhageh cthdeddffénpute encorledn eatim @O0k plurality
. extract a predictive error signal 201 and prediction
10npde 0hAf preaditcbnv0Rzcidiel prleds c¢haks egemerated by the

predictive macroblock ¢generating unit 119 and the
to-be-encoded macroblock signal extracted from the
input video signal 100. The predictive macroblock
selecting unit 120 then selects one of the predictive
macroblock signals, which exhibits a minimum error for
each to-be-encoded macroblock, and sends the selected
one to the subtracter 110. The subtracter 110
calculates the difference between the selected
predictive macroblock signal and the input signal 100,
and outputs the predictive error signal 101. The
position of the selected predictive macroblock relative
to the to-be-encoded macroblock and the generation
method for the selected predictive macroblock signal
{one of the signals 130 to 133 in FIG. 1) are respec-—
tively encoded as a motion vector and prediction mode
for each to-be-encoded block.

The variable length encoder 114 encodes the



25 signal 201 is subjected to dequantization and
inverse DCT in a dequantizing unit 215 and inverse
DCT unit 216.. The resultant data is added to a
predictive 32 signal 206 to generate a decoded picture
203. The decoded picture 203 is witten in a first
reference frame nmenory 217. The -gredictive signal 206
is generated by a predictive macrobl ock generating
unit 5 219 and predictive macrobl ock sel ecting unit
220 from picture signals 204 and 205 in accordance

wi th $ReCdadtPoh TRetorCHint HEH ctioP e ¥kt iquwd the
f d dat 00. . Th ict ' 204

[ om 40F ¢ SLEPEth Bt 2000 The By o S arel 204 i
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signal as the predictive 15 nmacrobl ock signa

the tidmenDfaencosidths Rifzodschamtical | yrishows-led data
relationship of an inter-franme prediction using two

ref ereggeid resms duk M deaeNeof ngyAnt decadidimission
nmet hods according to the second enbodi nent of the
presentstieawematonshddG.. 3 20 shows a to-be-encoded
frame 302, a frame 301 inmedi ately preceding the

t 0- be- encoliedtiitainea 302, whand a av fdermes B3O Y urg higrrmed of
preceding the frane 302. Wiile the franme 302 is

enc odedl WH TREes el 9T Id et e et e o fs 1 qiivel & dfee

301 is stored in the first reference frame 25 nenory
117 iRFFEHSTY oS iv%t refsied 9% &k applying “the same

motion vector and prediction mcde to the signal
components of the respective macroblocks.

FIG. 2 is a block diagram of a video decoding
apparatus, which executes a video decoding method
according to an embodiment of the present invention.
The video decoding apparatus in FIG. 2 receives and
decodes the data encoded by the video encoding
apparatus according to the first embodiment shown in
FIG. 1.

More specifically, a variable length decoding unit

214 decodes the.variable length code of input encoded
data 200 to extract a predictive error signal 201 and
predictién mode information 202. The predictive error
signal 201 is subjected to dequantization and inverse
DCT in a dequantizing unit 215 and inverse DCT unit

216. The resultant data is added to a predictive



menory 217 in FIG 2, and the frane 300 is stored in
the second reference franme nenory 118 in FIG 1 or the
33 second reference frane nmenory 218 in FIG 2. A

macr obl ock 305 in FIG 3 is a to-be-encoded
macr obl ock, which is generated by using either or both
of a reference macrobl ock 303 i he reference frane 5
300 and a reference nacrobl ock in the reference
frame 301. Vectors 306 and 307 are notion vectors,

whi ch respectively indicate the positions of the

ref erehees hae? Bbrocuens08tand 3d04oded phebdrag203.
operation, a search is made for an optinmal notion 10
vector andTPredPerfisf RodELF8r 2PReifovbélERBodada first

bl ock 305. _In d di ration, a predictive
macr BT GEkeATGHET S GeHer R ah by URF Bt eHECbYFoRignal 206

Rt G R -
di £1 i f f .
P oSt TS IS Sy PP SRS LR 12 rrom
j ' I 4
oL enti g 1 b s cragml gyl Ll g

ext r apot i ore PF i Hid Ofre &l G 1 5 SHONS &b exarpherfn the

using a plurality of past and future reference franes,
I . e ercdddeadatDtEI PO athOp PO ECtd Dha ReF@I M1 H0% t¥ cture
FIG 4, a frane 404 is a to-be-encoded franme, and
franesi A00l tdecfiBdr andbd 1 ef € ensefdrangse f@icdded data 200
frame 404. Reference nuneral 413 in FIG 4 denotes an

10 encodedl neeroblotlom e IMirst reference frame memory 217.

The picture signal 205 i1s a picture signal decoded
before the picture signal 204 and stored in a second
reference frame memory 218. The predictive signal 206
is the same predictive signal as the predictive

i5 macroblock signal used at the time of encoding.

PIG. 3 schematically shows a relationship of an
inter-frame prediction using two reference frames in
video encoding and decoding methods according to the
second embodiment of the present invention. FIG. 3

- 20 shows a to-be-encoded frame 302, a frame 301
immediately preceding the to-be-encoded frame 302, and
a frame 300 further preceding the frame 302. While the
frame 302 is encoded or decoded, a decoded picture of
the frame 301 is stored in the first reference frame

25 memory 117 in FIG. 2 or the first reference frame
memory 217 in FIG. 2, and the frame 300 is stored in

the second reference frame memory 118 in FIG. 1 or the



encodi ng operation, reference macrobl ocks (409 to 412
34 in FIG 4) are extracted fromthe respective
reference franes for each to-be-encoded macrobl ock in

- accordance wth notion vectors (405 to 408 in FIG 4)
for the respective reference franmes. A predictive
macr obl ock 5 is generated fron1g?plurality of
ref erence macrobl ocks by a Iine extrapol ati on
predi ction. A conbination of a prediction node and one
of a plurality of reference macrobl ocks or a notion
vect oFeCeREi BEEERgnaent hrmanipnedivc il Be ier FAG.i B.one
of 10 prediction nodes for a predictive macrobl ock
based on a® MPRESPIPFEISEE R FSCsePedted. tonde-encoded
conbinatiog of Iigea§ Eredictive coefficients is
det er FFHEQPHBF ¥ eatthiChol BeIBRRBAERD S PYNESHPENCA tERANGE both

[ [ um bet f ti th
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nHCYOPLQﬁg,3@19fe@é?%%Pgagﬁgeanénggﬁo%gée%é%ﬁ%ﬁevgé Sts,

signal are encoded macr o

deCOdWHQc@pﬁéé%éQinél§0ﬂpﬁﬂééfgn¥ﬁé ﬁ&gﬁéions of the

predi ctive coefficients recelved for ‘eac rane is

used ré&pDepefies aiLc oI SEkEt30e IMEr 90k 0CKTf 06,888
macrobl ock froma plurality of reference franes in”

accorclamcet vt h a asemtdioni yacdds a5 P esheihan ABLeon
i nformati on. The 25 encoded data is decoded by addi ng
10t he prediet i avzd meeddbt bok nedd hBoprede ctd viee eendbded

signal. Referring to FIG 5, a franme 502 is a
macroblock 305. In decoding operation, a predictive
macroblock signal is generated by using the motion
vector and prediction mode contained in the encoded
data.

15 FIGS. 4 and 5 show examples of inter-frame
prediction using three or more reference frames
according to the third and fourth embodiments of the
present invention. FIG. 4 shows an example of using a
plurality of past reference frames, i.e., a linear

20 extrapolation prediction. FIG. 5 shows an example of
using a plurality of past and future reference frames,
i.e., a linear interpolation prediction.

Referring to FIG. 4, a frame 404 is a
to-be-encoded frame, and frames 400 to 403 are

25 reference frames for the frame 404. Reference numeral

413 in FIG. 4 denotes an encoded macroblock 4i3. In

encoding operation, reference macroblocks (409 to 412
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35 to-be-encoded frane, and franmes 500, 501, 503, and

504 are reference frames. In the case shown in FIG

5, in encoding operation and decodi ng operation, the

frames 500, 501, 503, 504, and 502 are rearranged in

this 5 order. In the case of encoding, a plurality of

| ocal decoded picture frames are used as reference

frames. In the case of decoding§4a plurality of

encoded franmes are used as reference franes. For a

t 0o- be-encoded nmacrobl ock 511, one of reference

macr obno¢k§ .-5@9, a5&0ext18cb2a, fand 513 eespaetofet Beference

predictive signals obtained fromthem by |inear

i Nt er PERAEBOACET edicbt Fonbeisncedkdciedrohlacknénobboskdance

basi s and encoded, as in the enbodinent shown in FIG

4. FIGLtE BRbNENeHE6HPRG 4AB5dEeodPRgimeFRGds4f ofor1Bhe

motion vector information according to the fifth

enbodFﬁﬁH?chV?héeE?ég%ﬁ? fr9Bagi on® Assdietinatmearoblock
operation using a plurality of

o1 or BcA TP ERGSOnb PR hit BBbE HoRE ShEWICPAe R gy locks
nce =P e e 5%
20t oo bet cHEBABH RACFORP DLl By BETRG e B aral ity of
: . S l's.. | hj a
rural ity o precaariphiri 8, pLRRt SrieRr Bbnac e Ap:of =

be enspgeg: ey @?Cf‘ef’@ﬁél?‘gé rIBEL ST &y ASEDE Yector

nunmber of nmacrobl ocks to be referred t0 1'ncreases,

25 overhgedt 10§ A0hieMeC Lo oFdBtian - to be . of
encoded increases. This causes a deterioration in

FIG 36
linear prediction is selected. One combination of

linear predictive coefficients is determined for each
to-be-encoded frame from a change in averade luminance
between frames over time or the like. The determined
combination of predictive coefficients is encoded as
header data for the to-be-encoded frame. The motion
vector cf each macroblock, a prediction mode, and a
predictive error signal are encoded for each
macroblock.
In decoding operation, a combination of linear
predictive coefficients received for each frame is used
- to generate a predictive macroblock for each macroblock
from a plurality of reference frames in accordance with
a motion vector and prediction mode information. The
encoded data is decoded by adding the predictive
macroblock to the predictive error signal.

Referring to FIG. 5, a frame 502 is a



when a predictive macrobl ock signal is to be generated

by extracting reference macrobl ock signals fromtwo

reference frames, respectively, one notion vector and

the notion vector obtained by scaling the notion

vector 5 in accordance wth the inter-frame distance

are used. A franme 602 is a to-be-encoded frane, and

frames 601 and 600 are referencéXrames. Vectors 611

and 610 are notion vectors. Each black point _

i ndicates a pixel position in the vertical direction,

and edcir hghiare ot dinsme, ndirchtfesnars ig00er g@1at &3, ang 504

point with a precision of 1/4 pixel. FIG 6 shows a

case iHér &iof e aRste dir amesnpenisattiton qersedisttowen ins FIG. 5, in

performed with a precision of 1/4 pixel. A notion

conpeﬁ%%RQQﬁ¥%ﬂqaﬁrﬁﬁ%9ﬂ:ﬁﬂﬂwd%ﬁodmﬂq|mm$ﬂaiﬂoaaQMhe frames

encodi S qﬁﬁe 1 pixel, 1/2 pixel, 15 1/8 pixel

or th |'kgr:’. I’n%%ﬂeﬁé’l‘l,f &NPoti%n arecter rirgngedpies ¢&d s
recision. A reference

b ty ation >
5p¥c?u?§t%%nggﬁggzgﬁyCééﬁe%ftgﬁcﬁfln@mtérﬁépéﬁﬂﬁéytﬁé local

' ; f . Referring to FIG_ 6,
W th PEsarER B gt R 2 FOBe " ATEoysFhe P becERBbBodTahes
b o 45 Frgnc s g RN KapEPOLRE ebbofforanes

pi xels, froma pixel int f efePancé

corregpendsetoathecpb¥eh-802 Les! ef @LLed Egkbgng Egged
noti on vector 610 indicating a shift of 2.5 prxélrsrs

encodedcrplbhe etherchands aec2arBRELOR%E6LP5c)ks 509, 510,
extending fromthe pixel 605 to the reference frane

10601 i §1genendt 6ti3byrscati og the preadediviDLi &Rz YECLOE 2ined
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610 in accordance with the inter-frane 37 distance. In
this €a%e, thee byt Ldbneseciotebpdlation predictions is

selected on a macreblock basis and encoded, as in the
embodiment shown in FIG. 4.

FIG. 6 shows encoding and decoding methods for
motion vector information according to the fifth
embodiment of the present invention. Assume that in
inter-frame encoding operaticn using a plurality of
reference frames as in the embodiment shown in FIG. 3,
a predictive macroblock signal is generated for each
to-be-encoded macroblock by using a plurality of
reference macroblock signals. In this case, a
plurality of pieces of motion vector information must
be encoded for each macroblock. Therefore, as the
number of macroblocks to be referred to increases, the
overhead for motion vector information to be encoded

increases. This causes a deterioration in encoding

efficiency. According to the method shown in FIG. 6,




extending fromthe pixel 605 to the frane 601 is a

vector corresponding to a shift of 2.5/2 = 1.25 pixels
froma pixel in the frame 601 corresponding to the 5

pi xel 605 in consideration of the inter-frane
. distance. A pixel 604 in the reference frame 601 is

used as a reference pixel for the pixel 605 in the

t o- be-encoded frame 602. Since dtion vectors are

scaled with the same 10 precision in encoding and

decodi ng operations, only one notion vector needs to

be enwbdedaf predachimacmebkobkockvengmhtnia to be generated
t o- be- encoded macrobl ock refers to a plurality of

frameby EAtrhrsivdsecfefenhe motrohlovkcsbgngtal fngm two
result does not exist on any of sanpling 15 points

wi t h FRECRBEFBNTESRPEnsAEFBACHEECLEI opethet igraredtor and -
notion is rounded by rounding off its fractions to

t he néaﬁe§9t&ﬁa|EEﬁEﬁﬁe@btﬁ}@$d7b§héﬁélanﬁnih%anEé@@rvector
|nfornat|on encodi n and_decodi ng_net hods accordi ng

5to t haPsPXTATEABR WeRE 2 o LERETpRBS oRi =t riieh RER, used.

whi ch differ f [ {hesmbodiment .sh
Fle 6. | nit A6 BRBAT iRt ® SHoRA PRCPREH &% SfRon-Ffle”zames

tenpoggh HH§ pY SQ@%er%e?en?éd§gaﬁ%%¥ur@ecé?fgnéifngnd 610

t he over héa ion “Vvéctors w respec

encodsgedﬁgelsﬁnv@@F@ é'C'EQ&ﬁ ?fécieggfﬁé ihdi AafaSes pixel

wherein the tenporal novenent deo picture 1s
nDnOtgegyﬁlaﬁt1ﬁhgh@DWéﬁgléﬂﬁe@lfécﬂgén,09@§tég%h fete
use of a sinply scaled notion vector may 38 lead to a
10decrepsent nipdedhtds odn efht €rLOTy@AdobERNE BEL a precision
decrease in encoding efficiency. in the case shown in
of 1/4 pixel. ¥FIG. 6 shows a case wherein a motion

compensation prediction is performed with a precision
of 1/4 pixel. A motion compensation pixel precision is
defined for each encoding scheme as 1 pixel, 1/2 pixel,
15 1/8 pixel, or the like. In general, a motion vector is
expressed by a motion compensation precision. A
reference picture is generally generated by
interpclating the picture data of reference frames.
Referring to FIG. 6, with regard to a pixel 605 in
20 the to-be-encoded frame 602, a point 603 vertically
separated, by 2.5 pixels, from a pixel in the reference
frame 600 which corresponds to the pixel 605 is
referred to, and the motion vector 610 indicating a
shift of 2.5 pixels is encoded. On the other hand, a
25 motion vector extending from the pixel 605 to the
. reference frame 601 is generated by scaling the encoded

motion vector 610 in accordance with the inter-frame
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FIG 7, as in the case shown in FIG 6, a predictive
pi xel is generated fromtwo reference frames 700 and 5
701 by using a pixel 706 as a reference pixel. Assune
that a pixel 703 in the frame 700 and a pixel 705 in
the frame 701 are referred to As in the fifth
enbodi nrent shown in FIG 6, qyglon vector 710 with
respect to the frane 700 is 10 ehcoded. A
differential vector 720 between a notion vector 711
with respect to the frame 701 and the vector obtained
by scdlbBhgithe nmbbi bhigecade, 710ei wobhewbdedctoThatli s,
the vector generated by scaling the notion vector 710
to 1/ 9XfFabféagesramprhe| pyoali %0§h§0fkeﬁef16m¢o§01aha a
the differential vector 720 indicating the  difference
anounYeBE?ReeﬂrFﬁePBPgaFﬁtFQeapFQeft7@§ and’ 2 t el p??e@lxels
eral., the ni t ude of

704 d

AR 5 i e 3eEP8rfh@l&?egﬁﬁgc&a\mwe&%&@ e t%e

t || t E h f

5t he  nBUTRY ERBeti CoRat CEaREL aht oYt et phabfr Fhmne afPrance.
ef {1 cepey. dogs, ol gﬁgrfgf&eﬁeg fPaﬂaQ%@f‘s%!@seQeas a
over he or a notion vec I's suppr essed

it posskplente ﬁ?ﬁé?rfb§f£ﬁé'§fie§n§@§'Dﬂ tﬁ%cioﬁbe encoded

shows still other notion vector Infornation
encodfpgmandogecodi ng net hods according to the seventh
enbodi nent of the present invention. In the enbodi nent
shown in FEGnc8, matioamee808rksaaet ochbee@neodedthé ageme

39 and franes 801 and 800 are used as reference franes

wi t h arécasio802n benngd sk pped. dé¥otinespeetat Doms, only one

pi xel 806, a pixel 804 in the reference frame 800 and

a - motion vector needs to be encoded for each macroblock
even when a to-be-encoded macroblock refers to a
plurality of frames. In this case, if the motion
vector scaling result does not exist on any of sampling
points with the motion compensation precision, the
scaled motion is rounded by rounding off its fractions
to the nearest whole number.

FIG. 7 shows a motion vector information encoding
and decoding methods according to the sixth embodiment
of the present invention, which differ from those of
the embodiment shown in FIG. 6. In the embodiment
shown in FIG. 6, when the temporal moving speed of a
video picture is constant, the overhead for motion
vectors with respect to encoded data can be efficiently
reduced. 1In a case wherein the temporal movement of a

video picture is monotonous but the moving speed is not

constant, the use of a simply scaled motion vector may



pi-xel 805 in the reference frane 801 are used as 5
reference pixels to generate a predictive pixel. As
in the enbodi mrent shown in FIG 6 or 7, a notion
vector 811 with respect to the reference frane 800 is
encoded. A notion vector with respect to the

reference frame 801 can al so be generated by using the
10 notion vector obtained by scaling the notion vector
811. In the case shown in FIG 8, however, the notion

vector 811 nust be scaled to 2/3 in consideration o
the di$3%dnte Hetteed?thet? e?%‘?%ﬁ%%el?rﬂ aerréfja%ﬁewhé and hence a

t o-be; encoded frame. Ln the.enbodi nent i |
15 PO TEre cboRiRRAtE TR OTHeI Yo oy farin ceed sndim in

arbit scal i ng, . di V]S on_j equi bec :
denorﬁﬁ%%/o?r’ Secﬁlgre%g(%an&gaér’%i§¢§‘?r§/ %tﬂ;fg‘ééj'r %’t ﬁ%?ﬁrt%]é;lﬁctalve

power s ' t ' ;
bncodt ot Spkt arTenrah R L ThEd pereraund HhRg) gro0 and

51N 20, pArgy oyl an &egykéfsm@c@s COSE e POEOEMI A1 ON Assume
time in terns of both hardware and software,
resul¢hfg 4 NpikdCreasesni Fhenepghay; andzglecodbngel 705 in
costs. In the enbodi nent shown in FIG 8, a nption
vect Ofhe 8iPainbt 2 nedrbyrapsmatd zimg t he t o- be- encoded
nmoti on 25 vector 811 with the inter-franme di stance is
encoded. Aheidi fther énfihl emectbrebet peevnt he HbEi on, 2
vector obtained by scaling the normalized notion .
vect ono8ilen 40 ahadr t he0 ovi gh na¢speet oke vEleE of rage 700 1s
encoded in accordance wth the distance between the

10 t 0- beeer@Riéd fhafefBpEcneheh YeFePEntel franesemamotion
h;{ig%ggégégﬁfggg%g%égéﬁggét £§ 9§Qe%§£§g ;6fn;$ ethe vector
.obtained by scaling the motion vector 710 is encoded.
That is, the vector generated by scaling the metion
vector 716 to 1/2 indicates a pixel 704 in the frame
15 701, and the differential vector 720 indicating the
difference amount between the predictive pixel 705 and
the pixel 704 is encoded. In general, the magnitude of
the above differential vector decreases with respect to
a temporally monotonous movement. Even 1if, therefore,
20 the moving speed is not constant, the prediction
efficiency does not decrease, and an increase in the
overhead for a motion vector is suppressed. This makes
it possible to perform efficient encoding.
FIG. 8 shows still other motion vector information
25 encoding and decoding methods according to the seventh
.°embodiment of the present invention. In the embodiment

shown in FIG. 8, a frame 803 is a to-be-encoded frame,



5 tripling the normalized notion vector 810 and a
differential vector 820. The reference pixel 805 is
generated fromthe notion vector obtained by doubling
the normalized notion vector 810 and a differentia
.vector 821. The nethod shown in FIG 8 prevents an 10
i ncrease in the encodi ng over he for notion vectors

wi t hout decreasing the prediction efficiency. In
addition, since scaling of a notion vector can be done
by multiplication alone, increases in the conputation
cost sah@dr feaeedi FYl anaddBeBdrhg Bpefatf ohsT ERNEF sbr Hees
15 suppressed. FIG 9 is a block diagramof a video
encodih? apphrHeu8Y2 WRPERY eELEPRE - a W?ggor%ﬁﬁ%ﬁFnbo a

t hod, ' to t L, ght h_enbodi t of .th
or cogi* S HBRL| BrbLKALCAGY of B RS oRBOTT BT, b 1GAa00 2nd @

pr eseh B i ¢ R etghE e .
addec oot B0V o N enBaP hg" pphr Ahbe " decar ai R To°S

apparatus accor dil ng

h b Kk ' i
sie TEEEPLREE, Q1BuR e ELiRpdreThopfatecseiect Lo

rage |1 um nance va

each framexgf sfhepbnpiboqvhdg® shanal in! Fra.changerina
| um nance over tinme has a 25 predeterm ned slope, It

i's dehermhRedethal bhe piehutespscd £ading Peebdegee Aframe
result 901 is notified to a predictive node sel ecting

unit 420.i4lehtobtibe.f ademdeient vogtupi i8A0rdepecti nesthe
that the input picture is a fading picture, a
predi té¢fonenoderirsmel 80it ednt @laopbediyeheoatédonyoneing the
reference frame or a prediction based on |inear
10 ext r apot avnomeotoki nehaisefinber pekathentbe moplionaveeior
~of reference franes. An ,
811. In the case shown in FIG. 8, however, the mollon
vector 811 must be scaled to 2/3 in consideration of
the distance between the reference frame and the
to-be-encoded frame. In the embodiment shown in FIG. 8
15 and other embodiments, in order to perform arbitrary
scaling, division is required because the denominator
becomes an arbitrary integer other than a power of 2.
Motion vectors must be scaled in both encoding
operation and decoding operation. Division, in
20 particular, requires much cost and computation time in
terms of both hardware and software, resulting in
increases in encoding and decoding costs.
In the embodiment shown in FIG. 8, a motion vector
810 obtained by normalizing the to-be-encoded motion
25 vector 811 with the inter-frame distance is encoded.

The differential vector between the motion vector

obtained by scaling the normalized molion vector 810



opti mal notion vector and prediction node are then

determ ned for each macrobl ock. The first flag

i ndicating the determ ned notion vector and prediction
node is witten in the header of a macrobl ock, and a

1.0 predictive error signal is encoded. Meanwhile, the
second flag indicating a possible prediction node
conbination is witten in the hedder data of the

frame. If the fade detecting unit 900 determ nes that

the picture is not a fading picture, a prediction

node &sd 1bel prigedafloratpordivetion fieoanondedeirrencerdance
frame or a prediction based on the average val ue of a

pl ur avirth tgﬁ fébEraaeeberanes. tha bptbaaknnodednframe and

"vector and prediction node are then determ ned. The
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not i ofiacheéebprepeedifeamen nbbet Afd phedreffveneerpixel 804
signal 20 101 are _encoded. Wien the data encoded by
the nmePh8E8FafRE TERBoBNFeRPtsABWHCFROFI ePtaingdthy be

decodged . _prediction de for each macroblock is
dot or ht B4 PP RIERBOPRR b1 26l (R ELORAVETEQS § hili €381 g

a_pregi eLLon, 29,0008, A PEEEi CtiNe MRr Lopl.ocks Slngls 4

i s geherate rom I On vec

mact obLockagd Ebgn OELERSL S PLEPLLtLON, 88 1 I NEoup1ing

encod predictive 42 error Signa

sadece, DenploshaLhueof, ahelhondocass e epEndt

for predietiopl modeneinéORAAL E10HWn SiA BEAUENCEr dfeRs an

vi deo encodi ng nethod according to the ninth

enbodimentéa oé ihetpeesedbdimyestdomesd | fobenotion vectors
without decreasing the prediction efficiency. 1In
addition, since scaling cof a motion vector can be done
by multiplication alone, increases in the computation
costs for encoding and decoding operations can also be
suppressed.

FIG. 9 is a block diagram of a video encoding
apparatus, which executes a video encoding method
according to the eighth embodiment of the present
invention. In the eighth embodiment, a fade detecting
unit 900 for an input picture 200 is added to the video
encoding apparatus according to the macroblock shown in
FIG. 1. The fade detecting unit 900 calculates an
average luminance value for each frame of the input
video signal. If a change in luminance over time has a
predetermined slope, it is determined that the picture

is a fading picture. A result 901 is notified to a

predictive mode selecting unit 120.



10

15

20

25

described wth reference to FIG 10. To-be-encoded
video franes are input one-by one to a video encoding
apparatus (not shown). A fading 10 picture i's detected
for each slice formed froman entire frame or a
plurality of pixel blocks in the franme on the basis
of a change in intra-frame avergage |um nance val ue
over tinme or the like (step Si). A single frame

predi ction node or |inear sumprediction 15 node is
sel ected for each pixel block in a frane. The sin

franme prediktilvh fasde Cﬁ%t%Ftbjrféﬁi%jﬂbr?%d%et(ﬁrminesglt%at the
ISR S I 2l DO S Dt e .
A Lk P A W, -
e i o = Tt et R R R it AL

ol ot WP GHRRIEHC d PG I AR e, Ao

i negfpﬂi%ﬂ Rt d oy dd vi-er ARl 3 QN Qfi oreXldRP QAL iteRkn

based "on an inter-frane tinme distance) predictionis

per f QIR h Ge et dh RELH I3 Pi Xele 43 0aK.ad
the input video picture is not a fading picture, a

pr ediGld e it Wit Macdkmisngeneratad Jadmr el prediction
average value of two reference pixel block signals.
Seconghbdeo-ihe-venicadad inmodene rferdmt icoh & mcalbdlngks and a
mhether.q l'inear sum prediction using a plurality of
f r angsrd bl i e evzaryer el ares pristiotdasiecdor  MEppoddlle, the
i near |nterfolatjon.prediction i s, _encoded_as the
second flag indicating a possible prediction mode
combination is written in the header data of the frame.

If the fade detecting unit 900 determines that the
picture is not a fading picture, a prediction mode is
limited to a prediction from one reference frame or a
prediction based on the average value of a plurality
of reference frames. An optimal motion vector and
prediction mode are then determined. The motion
vector, prediction mode, and predictive error signal
101 are encoded.

When the data encoded by the method of the
embodiment shown in FIG. 9 is to be decoded, a
prediction mode for each macroblock is determined from
the first and second flags indicating a prediction
mode. A predictive macroblock signal is generated from

a motion vector sent for each macroblock and the

determined prediction mode. The encoded predictive



header data of a frame (picture) or slice (step S2).

It is checked whether or not the input video 10
picture is a fading picture (step S3). If it is
determ ned that the input video picture is a fading

pi cture, an encodi ng node which exhibits a higher
encodi ng efficiency and the snal/, nunber of encoded
bits is determ ned for each pIX§| bl ock froman 15
encodi ng node of selecting a single prediction block
froma plurality of reference franeiﬁéste p S5) an an
encodengonnﬂeghakedso®e©0@%®p@@@Ia@@ ar i Hre ot d
prediction (step S4) (step S8). A nmacrobl ock he

cont afhimgl t he @?@@@eeﬁb%d?%@Od%% ﬁ%ﬁ% |n?Q&§mﬂ? pd can
indicating the single frane Fredlct : q? I|Q§ r
sun1pF@@P@?lEﬁen%@%O%hﬂgo?ﬁ% headc %ro?re ht or PRt eh
concerning the selected encodi ng node (e.g., the

i dent tRFREPRbACFnformation of a reference frane to be

df di ct d .
i Eéegkéyhg'éﬁﬁgﬁ JRLERHESHIRY hELhéd according to

(predkﬁélgfgﬁ ﬁbé&@ﬂ?k% bet @npf5§e§€|§§$@ﬁtlon will be

predi ctive srgnal and t e signal of the 9

t 0- be: b cpdedistep. Sid), and the
encodgggggggg?s%gg§p5§f%212 If NOin step S3, an

opti mal en@gdbﬁgeHQ@@edsv1&@beﬁkaﬂeérlﬁéthﬁpstnghe‘by one to
frame prediction node (step 5 S6) and the average

val ueapyediet kaBodRde 6ppepabiy (sbepsBOYr). A fading
Subsequently, in the sane manner, encoding of the
10|nforpﬁttonecmecdenengedhéoene@dhnglhﬁﬁengm%@ fEﬂ@)an

and encoding of the differential signal (step }
entire frame or a plurality of pixe blocks n the

frame on the basis of a change in intra-frame average
luminance value over time or the like (step S1). A
single frame prediction mode or linear sum prediction

15 mode is selected for each pixel block in a frame. The
single frame prediction mode is a prediction mode of
generating a predictive pixel bleck signal by selecting
one optimal reference frame from a plurality of
reference frames. The linear sum prediction mode 1s a

20 prediction mode of generating a predictive pixel block
by a prediction based on the linear sum of two
reference pixel block signals.

In the linear sum prediction mode, when an input

video pictuie is detected as a fading picture, a

25 temporal linear interpolation (interpolation or
e#trapolation based on an inter-frame time distance)

prediction is performed to generate a predictive pixel




are perfornmed. 10 Wen each block in a frame or slice
is encoded in accordance with the fade detection
result in step S1, and encoding of all the pixe

bl ocks in one frame (picture) or one slice is

conpl eted (step 512), fade detection is perforned
with respect to the frame or 1543 ice to be encoded
next (step SI). Encoding is perforned through sinmlar
steps. According to the above description, one frane

[ ded | ct .. . |
encodel G- onbt prEE LTEPdn & 1 bIRE HHHer D b P g
d 12, th t t f. to-be- '
ecoral Gt (hi R enpoH Tt & G RRERER Sl A rom
the dala sYLUCLUro: 101 6P phdcldiesd de eager, dala Algnals.

a pic or-s shows ™ part macr obl ock

dat a oL 0, he HEALn o aPe @it Ol Aorbdct il Ll Sl d 6y
the folTowng infornmation 1is encoded: information

Ui Ml Qs k05 bes JiSP! AYedr e SONERENI NG ddIe B BRIAYi ty of
time of a to-be-encoded frane, 45 and flag

"1 nepy ek oht esn ps e £4¢ oraThagsr v ©hidrs dihet ergenonid
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encodi ng node information indicating whether or not
an averggerVahterpsedt ton ofr ¢Sistel @ct ed. enapddil sexdses

"linear-.weighted-prediction_flag" = O represents 5 an
aver ageadat ugaps edf cd i bremantpicture) or slice (step §52).
“linear-weighted-prediction_flag" =1 represents a

tenporal |iLheas heekpdl abebhepredieet ofbe TherehcohérP
data of a picture or slice contains a C:%urality,of.
encodedciate obf oekfaatag EheH Fackdbtlock?) - 1T it 1s

determined that the input video picture is a fading
picture, an encoding mode which exhibits a highexr
encoding efficiency and the small number of encoded
bits is determined for each pixel block from an
encoding mode of selecting a single prediction block
from a plurality of reference frames (step 55) and an
encoding mode based on a temporal linear interpolation
prédiction (step S4) (step S8)..

A macroblock header containing the first encoding
mode information indicating the single frame prediction
mode or linear sum prediction mode and other pieces of
information concerning the selected encoding mode
(e.g., the identification information of a reference
frame to be used for a prediction and motion vector} is
encoded (step S$10). Finally, the differential signal
(predictive error signal) between the selected

predictive block signal and the signal of the



data has a structure like that shown in FIG 12. In

the header area of the nacrobl ock data, information
(first encoding node information) indicating a single
frame prediction based on a selected single frane or a
predi ction based on the linear sumof a plurality of

is franmes i s encoded as "nacroblg&k-type", t oget her
with selection information concerning a reference
frame, notion vector information, and the like. FIG
13 schematically shows the overaII time-series

st ructaréeornepeegobbecknésdedcodrdedsSBapasSl bp, and the
including the structure shown in FIGS. 11 and 12. In

t he h8RECHEt HatolBeCBREBHedSdat a, i nformation of a
plurality of. encaqdin rameters_whi ch remain constant
Wi thi n one% 2S04 ithg S2ERuEHc o2 hs BBA B8 aCprCherd $aE bs
i's enco sequence. heade pi C

frane S0y o E R O BB AL ol = e b ST ShiCapfd! Foter

5Pictugeg, 'ﬁnéeﬂH% %§8k5§ e b QSdp §?c5£8%2ﬁ8$ thQE §7)
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pi cture’ hea ure

data) . stBpt Be) p'Cgﬂﬁgeaﬁégﬁiy Pk& tﬁ@f9£ﬁglm§ﬁher, encoding
“time- |n 0-t o- be-di spl ayed” toncerning the display

time g the gﬁfe%mgegggeeoﬁﬁéﬂﬁlﬁ OWRe | Bnchl{hg kod@d(step
second encodi ng node information "I i near wei ghted

predi g Dpnahbagncanentespeehivel yreeacoled abgdil astep S11)
LWP. The picture data is divided into one or a

pl ur abrtypetfskineds (SLC), and the data are

sequentially encoded for each slice. In each slice

SLC, an enWbéingaphr aretér iassoéranedow shieachs ptxedded in

10 block in the slice is encoded as a slice header
(SH), accordance with the fade detection result in step S1,

and enc¢oding of all the pixel blocks in one frame
(picture} or one slice is completed (step 512), fade
detection is performed with respect tc the frame or
silice to be encoded next (step 5i). Encoding is

- performed through similar steps.

According to the above description, one frame is
encoded as ocne picture. However, one frame may be
encoded as one picture on a field basis.

FIGS. 11 and 12 show the structure of
to-be-encoded video data according to this embodiment.
FIG. 11 shows part of the data structure, which
includes the header data of a picture or slice.

FIG. 12 shows part of macroblock data. In the header
area of the picture or slice, the following information
is encoded: information "time info to be displayed”

concerning the display time of a to-be-encoded frame,



and one or a plurality of macrobl ock data (MB) are
.sequentially encoded follow ng the slice header SH.
The macrobl ock data MB contai ns encoded data MBT of
"macr obl ock type" which is the first encodi ng node 15
informati on shown in FIG 12, the encoded information
concerni ng encodi ng of each pixel in the macrobl ock,
e.g., notion vector infornmation ﬁ%mo, and the
orthogonal transform coefficient (DCT) obtained by
perform ng an orthogonal transform (e.g., a discrete
20 coshde fitpgndfioneprofetihbted- peedncoded pilxel' shgaal is the
or predictive error signal and encoding it. In this
case, S§eevAdecareddnagraddeinfbomabtiponindicaténg whether or
wei ghted prediction flag" contained in the picture ‘
headePCHP2Raj VEEa8AcBdtHEbPr eAdCcEipReiheadbecil. 25In this
for each slice. A sequence in a _video decoding nethod
accor 8PA§ t oL *PRET VAL HREARBOBT ABRELWPRL Thedesch i bapiresents
below with 47 reference tQ.FIG 14. In the video

2 encodPige WEEAGE SR1ERi B efbobinent 2dencoded data

. . . . . hod. sh
RS R Shahie t’f‘%&f%ﬁ‘b 2
[ - S . ded. . Th er

| nf or arpgha S tLdEal bub BRHbo B0 SR OSee S, e

i nput codeghdatachse eagggdofhgrﬁ?épgféfgfa£i¥Ce co?$%}ns a

dinformation "time-info-to-be-di splayed™ concerning

di splgyuta e pfod t0chfcenrodeshis@meaand 18, 8e6eNd-cniock
encodi ng node information
10"l i nedsntaehght ®ds predicté ontfd aghaarenslgcodedrc. 12. 1n
the header area of the macroblock data, information
(first encoding mode information) indicating a single
frame prediction based on a selected single frame or a
prediction based on the linear sum of a plurality of
15 ffames is encoded as "macroblock type", together with
selection information concerning a reference frame,
motion vector information, and the like.
| FIG. 13 schematically shows the overall
time-series structure of the to-be-encoded video data
20 including the structure shown in FIGS. 11 and 12. 1In
the head of the to-be-encoded data, information of a
plurality of encoding parameters which remain constant
within one encoding sequence, such as a picture size,
is encoded as a sequence header (SH).
25 _ Each picture frame or field is encoded as a

picture, and each picture is sequentially encoded as a

' combination of a picture header (PH) and picture data



(step S30). In addition, the header information of
each macroblock in the picture or slice is decoded.
That 15 is, "nmacrobl ock type" including the
identification information of a reference frane,
notion vector information, and first encodi ng node
information and the |like are de gded (step S31). If
t he decoded first encodi ng node information 20
indicates a single frane prediction, a predictive

bl ock signal is generated in accordance with the

i dent i{Piicaurei datinf or At £BA Bichuref bredes fFHhe and
predi ction mde information such as nption vector
i nf or ARfPamatiepep t&34) inAgstipebendifpiayedncoamagrning the

de inf ' 25 i ndi I gti based on,
he | FRERISSURBE &7 BIGr &P1 05 BRCPRSHEEPoPR ERPES
. d i th the.decoded d di
mode’ Fifor et PO FSEERCa87 S35 "Oanpiicar B PoB 5l Ghal 1 s
sgener atod by GLLRE AN, BYPLAYE PP et LOD FELNOO: vely

fite
(step ) O a tenpor Inear i rpol ation

pr edi %iceaelﬁegeogﬁsggg £Rb) - Emg dgggtegfg BEedi §Li ¥8yided

error signal 1s deco and 5 a 0 the predictive

SignahntyybﬁetBESaO?§ﬁ§5h99y 8r decedsd (pief UrgnéSthe data
generated (step S37). Wien each nmacroblock 1n the

Pi Ct UB@eOkeghibECihg1§eaHEBEEAl F¥r deendelicst arthngach slice

from each macrobl ock head, and all the macrobl ocks in

t he peetyr enoensbiidéagaperanaptet ebyodDadedodeth (step pixel

S38), decoding is consecutively perforned again,

- 10st art bagckr am ahpi efliire o shicéelieader. sAscdekeadbrd(SH),

above, according to this enbodi nent,

and one or a plurality of macroblock data (MB) are
sequentially encoded following the slice header SH.
The macroblock data MB contains encoded data MBT of
"macroblock type" which is the first encoding mode

15 information shown in FIG. 12, the encoded information
concerning encoding of each pixel in the macroblock,
e.g., motion vector information (MV), and the
orthogonal transform coefficient (DCT) obtained by
performing an orthogonal transform (e.g., a discrete

20 cosine transform) of the to-be-encoded pixel signal or
predictive error signal and encoding it.

In this case, second encoding mcede information

"linear weilghted prediction flag" contained in the
picture header HP may be encoded by the slice header SH

25 for each slice.

A sequence in a video decoding method according to

the ninth embodiment will be described below with




i nformati on concerning encoding nodes is divided into
the first encoding node information indicating a
single 15 frame prediction or a prediction based on
the linear sumof a plurality of franes, and the
second encodi ng node information indicating whether a
prediction based on a linear symis a tenporal I|inear
i nterpol ation prediction or an average prediction. The
first 20 encoding node information is encoded for
each macrobl ock. The second encodi ng node i nformation
is enhebdeen¢erteathCpitture or slice. This nakes it
possi bl e to reduce, the encoding overh

d.for, ,
to-be-enpoaédtﬁﬁdgiﬁﬁ@o?ﬂﬁ??bﬁgmﬂ?F%oﬁg?ﬁtg$h?n@m?ﬂ%lment'
e PRFGHRG POk Vi Bal Boohr Gker pter e Vi ded Bh88hing

haracteri sti in, i )
oi ot obCnpd, SBRupor B e R LB S R Rpagture ike

ginforpption, s engogs §foile$ﬁ§ Bbige fﬂpu{ffﬂg’déﬁbded.

i ncrease i n"code ‘anbunt required to encode

encodifig ARY8e NI QETBLLOTohtSEl d SBOLPE: SHPPs psS€dcSntained
while a great deterioration in encoding efficiency can

be suppregsedngst CONRAH edawh t Ds thecs@shod 10 rengpee NPically,
“the information for each nmacrobl ock. Encoding the :
firstignsedhngonoteinafl of fat tOrbé odi sebshediceabt @cking
makes it possible to determine an 10 appropriate node

i n acenedanselwit hitdieor ndi voduatenchdedct erxmsténd of

each pixel block (e.g., a picture that partly appears

10and dssappeaescodengtheey. iThosnapbkes it possible to

further inprove the encoding

"linear weighted prediction_flag" are decoded
(step. S30) .

In addition, the header information of each
macroblock in the picture or slice is decoded. That

15 is, "macroblock type" including the identification

information of a reference frame, motion vector

information, and first encoding mode information and
the like are decoded (step 331).
I1f the decoded first encoding mode information
20 indicates a single frame prediction, a predictive block
signal is generated in accordance with the identifica-
tion information of a reference frame and prediétion
mode information such as motion vector information
(step S34). Assume the first encoding mode information
25 indicates a prediction based on the linear sum of a
plurality of frames. In this case, in accordance with

| the decoded second encoding mode information (step
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efficiency. 15 In this enbodinent, since the encoding
frequencies of the first encodi ng node i nformation

and second encoding node information are determn ned

in considera- tion of the characteristics of video
pictures, high-efficiency, high-picture-quality
encodi ng can be 20 done. A tenpgral |inear
interpolation prediction in this enbodinment will be
described in detail next with reference to FIGS. 15
and 16. Reference synbols FO_F1, and F2 in FIG., 15

and 9%3) ef ererret Gkt iyl £S5 QﬁﬂFWQFQ4:Qﬁ(§1ﬁh§r an
denote tenporally consecutiv ranes ef errj Fl

15 an@ve%getmléeql%%weoméw@%f t {?tbeep e%%%adeod: G terporal
t o- be-decoded 50 frane, and the frames EO an

r ef er bHR®AF r HHERTPO MGt RHRHL F i Yhd % Oocgi erseﬂr:et]‘p g:%v%m
in FIGS. 15 and 16 a_give i xe ck | ;
to-be-encogga ??%ﬁ%e%rpg?g%%théd%E%%§d5%¢§%€ {g decoded and

predi ¢l gdaT oM L0e, L LALAL; SUM Ofna D, WA PTG Gheration, a

frams%. ear sum preadiction is an aver age

val ue i Ct | i.Ct. i i
%?858$§8%$@?%%@S?%p gl Yeed ¥$teP!DTK) | S When each

gener at ed e average of the reference

bl ockg,exthast 8din f 119 g heckespeet s vecs ef erenpeentially
frames. Letting refO and 10 refl be the reference

pi xel 4bk8akdsi gnat 5ivxt fBGh eskcit nesn tdiel delartesadhO bl all
F1, respectively, each of predictive pixel block
si gnatse pred2obhoEXESin 1Bhandi dBure soyi vercdyans egpagletely
refO+ refl ) / 2 (15) '
decoded (step $38), decoding is consecutively performed
again, starting from a picture or slice header.

As described above, according to this embodiment,
information concerning encoding modes is divided into
the first encoding mode information indicating a single
frame prediction or a prediction based on the linear
sum of a plurality of frames, and the second encoding
mode information indicating whether a prediction based
on a linear sum is a temporal linear interpolation
prediction or an average prediction. The first
encoding mode information is encoded for each
macroblock. The second encoding mode information 1is
encoded for each picture or slice. This makes it
_possible to reduce the encoding overhead for
to-be-encoded mode information while maintaining the
encoding efficiency.

That is, the second encoding mode information

indicates broad-based characteristics in a frame such
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15 If the Iinear sumprediction is a tenporal |inear
interpolation prediction, a linear sumis cal cul ated
in accordance with the tine difference between a

t o- be-encoded frane or a to-be-decoded franme and each
reference franme. As shown in FIG 11, information 20
"time info to be displayed" congerning a display tine
in a picture or slice header area is encoded for each
t o- be-encoded frane. At the tinme of decoding, the

di splay tinme_of each frame is cal cul ated t he basjs
of tMs anfafting imt%%une”trha&eﬁ?efa%%p&g&? 954 “of

25 the frames FO, Fl,_ and F2 are respectivel .
r epr eRFREPYI ngcﬁ dn@qn}am dsz_erﬁcgoe&eeénb%o i neeanc[h slice or

h in FIG 15 |ifi 51 | ¢ g
orod Gty (i BREHTEnt i (o OO s B RS ae
oot 41 Biead g P {ESen A0 LBl 5Hf by sporessec

futurﬁhfp%gggf%%{t oy FRF LI 1400 e dd &y dfr @fikncy can

16, | et e tinme distance 10 15 between two

ref ergoce, £ ABSeq a0 Ronperddest imerndlisdanae 61 amcoding
the earliest reference frane with respect to a

t 0- ber gACOPEG-f& 818N t Bot headlo-ec enshsiek. frame, the
time distance Rr is given by Re=Dt1-Dt O Rc=Dt 2-Dt O

(16) I n betbosibegcasest shotnencodE GS. mdde ahmfdBratien for
| inear extrapolation prediction and |iner )

i nt er patathanrolptedk chabes bisabopikhe wboeteimpge an

di stances are , s
appropriate mode in accerdance with the individual
characteristics of each pixel block {e.g., a picture
that partly appears and disappears over time) . ‘This
makes it possible to further improve the enceding
efficiency.

Tn this embodiment, since the encoding frequencies
of the first encoding mode information and second
encoding mode information are determined in considera-
tion of the characteristics of video pictures,
high-efficiency, high-picture-quality encoding can be
done.

A temporal linear interpolaticn prediction in this
embodiment will be described in detail next with
reference to FIGS. 15 and 16.

Reference symbols FO, Fl, and F2 in FIG. 15 and
reference symbols F0O, F2, and F1l in FIG. 16 denote

temporally consecutive frames. Referring FIG. 15 and

16, the frame F2 is a to-be-encoded or to-be-decoded



cal cul ated by pred2={ (Rr-Rc)*refOtRc*refl Rr (17)
Equation (17) can be transfornmed into equation (18):
Pred2=refO + (refl-ref0)* Rc/ Rr (18) In a picture
such as a fading picture or cross-fading picture
whose signal anplitude 20 nonotonously varies over
time between frames, the tine jd4ter in signa
anplitude can be linearly approximated wthin a very
. short period of tinme (e.qg., equivalent to three

frames). As in this rmom therefore nor e
accurg%émﬁreépéthé FEWSFe ﬁngeﬁgeﬁg?af%geB§HC§5frameS'

peff°ég%§3poﬁﬁg "2l Lhpearobatecnel ahban (hinsar. s ana 16,

. extra poF Ion) 1 n accor

wih Lhe beie diahange e negn a-bo- De-6E90RHhE T2 o

MD rererence franes a consequence,

the ipter.frams puegicllonse %Eéﬁhé@&& FPRROVES. 1THbST sun of
makes I't "possible to reduce the generated code anmpunt

5“ﬂth0Eho E%%%@bﬁ@et@%a&b%ture quality. Alternatively,
his makes i1t possible to performhigher-quality

encodl ng Wisteh e 1SR rbistin plrediEhecabaveaaneodirage value
and decodi ng processing in the present invention my

be i npreagetednby ahpreddareiver pipalt bbocal ksofenheated from
processi ng can be inplenented by 10 software. FIGS. 17

and 18heachmphewaarrexanplfetbe aefpredietpvecks extracted
coefficient table used for one of the prediction
nodesfmnmtmeefwegpeaﬁdveuqﬁﬁﬁrénﬁ@dﬁﬁémﬁ§ wheERipg refl and

based on the |linear sumof a plurallt¥
190 refl be the reference pixel block signals extracted

from the frames FO and Fl, respectively, each of
predictive pixel block signals pred2 in FIGS. 15 and 16
is given by
pred2=( ref0 + refl ) / 2 {15)

15 If the linear sum prediction is a temporal linear
interpolation prediction, a linear éum is calculated in
accordance with the time difference between a
to-be—encoded frame or a to-be-decoded frame and each
reference frame. As shown in FIG. 11, information

20 "time info_ to_be_displayed" concerning a display time
in a picture or slice header area is encoded for each
to-be-encoded frame. At the time of decoding, the
display time of each frame is calculated on the basis
of this information. Assume that the display times of

25 ﬁhe frames FO, Fl, and F2 are respectively represented
by DtG, Dtl, and DtZ.

‘The embodiment shown in FIG. 15 exemplifies a
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15 reference franes. Predictive coefficients change on
the macrobl ock basis in the first enbodi nent, and

change on the frame basis in the eighth enbodi nent.
There is a conbination of two coefficients: "average"
and "linear extrapolation”. 20 An index (Code nunber)
shown in FIGS. 17 and 18 is encdded as header data

for each macrobl ock or frane. In the eighth

enbodi nent, since a linear predictive coefficient is
constant for | hg; ey for the
by. }%%aon?§€f%%£%€g§%? dgggi%?lggffgﬁéﬁﬂ§% 2§?§?he
pred'&ﬁfygnﬁofééﬁg'fP nt 8pb e showirifle ] G THY , edib®iiment
.nunerical values of the coefficients are explicitly

def i nggly, Then PEedi ct s vexemst{Feéens 1abber shoverpal £3ion
FIG 18 indicates "average" or "linear prediction

(i nt ef pok att obn OFr&xXt Fapelat &:19d) pas By emeesli ngRsfiehring to
i ndexes, the anount of information to. be encoded can

be reduced:santidhenceltheirnchdilng tiverhime dhsitdece
reduced 5 as conpared with the case wherein |inear

pr edi bétweencoedf refenescar Ergiheect fydefeddedthFl Ema 9
is a table indicating a conbination of reference,

f r anedi ¢ Refee eficenf theeyantiost arederepfe Thppeueith respect
prediction nodes in the first and eightg?lo q £
embodtereat soober peCpiedehranay bRt FBR. tRePRr PRAGIEY frame.
FIG 19, Code-nunber = 0 indicates conbi nati on of
referEh%et#$§n€§sFﬁnﬁepP€dFﬁt96Heﬂngg from an

i mredi ately preceding trame (one. fr. back); Code 16

nunber = 1, in IﬁF@%iéF%dn %ﬁdgtgmo ranmes back; 15 (16)

and'C?geﬁggﬂb%£e=c§5e%nsﬁo@ﬁeghckﬁgﬁ.n?geagésfg,Oﬂhéhﬁinear
extrapolation prediction and liner interpolation

prediction based on the above time distances are

calculated by
pred2={ {(Rr-Rc)*ref0+Rc*refl } / Rr (17)
.Equation (17) can be transformed into equation (18}:
Pred?2=ref0 + {refl-refd}* Rc/ Rr {18)
In a picture such as a fading picture or
 cross-fading picture whose signal amplitude
monotonously varies over time-between frames, the time
jitter in signal amplitude can be linearly approximated ‘
within a very short period of time (e.g., equivalent to
three frames). As in this embodiment, therefore, a
more accurate predictive picture can be generated by
performing temporal linear interpolation (linear
‘extrapolation or linear interpolation) in accordance

with the time distance between a to-be-encoded frame




10

15

20

© 25

linear surn of franmes one franme back and two franes
back. In the case of Code-nunber = 2, the prediction
node using the above |inear predictive coefficients is
used. 20 In the first and ei ghth enbodi nents, the
.conbi nati ons of reference frames can be changed on
the macrobl ock basis, and the ispdexes in the table in
FIG 19 are encoded on the macrobl ock basis. FIGS. 20
and 21 show the arrangenents of a video 25 encoding

apparatus and vi deo decodi ng _apparat us ccordi
t he ﬁﬂcﬁ e@rFB’odﬁﬁ'r%“o dﬁ‘ecfeﬁéan%reegbgfr?tmesi‘nvg%t %orﬁ:%q%%qﬁu%gce’

Lieﬁfgﬁ’h%gllng%eg{]—h%%&go%q}e %tﬁ’éoqaie%i%eeqjc%} ii rioSVes_. This

asrs o near sum OT a maxi mum

of t@@ﬁ%ﬁ!%ﬁ?ﬁ%ﬁﬂiﬂﬁ%@%@If%dﬂggrfﬁg deReddtely dR amount

10t h "enbodi e can performa predictlon based on

sel eGiq, pf cfgb%:aﬁﬁ(?fd fite fJiamdorqrach b mearedmek vely,

by using three or nore reference frames or the |inear
sum afy 8 Rl ity s giefier encedrmres higheviad ty
encodi ng apparatus shown in FIG 20 includes reference

f r ames R e Svilthy, t Hel & arend it5Xateor r espondi ng to the
maxi mum r ef erence frame count (n). 10 Likew se, the

vi deo decothiemgapparatasiimg Rl &cddiclaide gefsivencar the
frame nenories 217, 218, and 252 corresponding to the
maxi nure seefterignom tficamresb g i lemanfachjby hardware, or
enbodi ment, in a prediction based on a_linear., sum

each rofr forasdiachy v e FHSEE Yoo e 1P Leprispd by
251 generates a predictive picture signal by conputing
the sifhof2%%e products of predictive coefficients W

FIGS. 17 and 18 each show an example of a
predictive coefficient table used for one of the
prediction modes in the first and eighth embodiments
which is based on the linear sum of a plurality of
reference frames. Predictive coefficients change on
the macroblock basis in the first embodiment, and
change on the frame basis in the eighth embodiment.
There is a combination of two coefficients: "average"
and "linear extrapolation".

An index (Code number} shown in FIGS. 17 and 18 is
encoded as header data for each macroblock or frame.

In the eighth embodiment, since‘a linear predictive
coefficient is constant for each frame, encoding may be
performed by using only the header data of a frame. In
the predictive coefficient table shown in FIG. 17, the
numerical values of the coefficients are explicitly

defined. The predictive coefficient table shown in




to Wh and reference macrobl ocks extracted fromthe
respective reference franes and shifting the result to
the right by Wil bits. The reference franes to be 20
sel ected can be changed for each macrobl ock, and the
i near predictive coefficients can be changed for each
frame. A conbination of |inear @E3dictive coefficients
is encoded as header data for a franme, and the
selection informati on of reference frames is encoded

as 2p-peadsr ; dala.LoL eagh, Bcs ot 0cks n LG o224 500YSn

a data syntax for encoding by using a lInear

pr edi ggh¥srg8§%£hshﬁg£ ast fapeadelod pf . a B¢ aeco®ing such

according t I's enbodi nent. In encoding 1inear

predi ¢hhugccoetfibchephst bhei By shMberb®fencoded can be
reference franes i s encoded first as

Nunber=@hcMax- Relieheneesth® encoding overhead can be reduced
Wi ght i ngFact or Denom nat or Exponent (Wl in FIGS. 20 and
521) indi ealhpagetiheithnphtatasa pheced s ohiméat ipeadictive
predictive coefficients is then encoded. Coefficients
Wi ghtordEacienNanerat difeftiWwerood¥din FI GS. 20 and
21) corresponding to the respective reference franes
10 equal t&IRunbEr ief aMarbRef éréheeting ea cpeddeatpe of
linear predictive coefficient corresponding to the i,tfk1
r ef er SREETERGREIFaMGEvERCHYT GRCP_DIRPhBS @ abad wit
shows a table indicating a conbination of  is .
referEﬁEéOF?aﬁﬁ%dfﬁtﬁ@neHES%édl?ofh%aghrﬁ%c?%%l%%?hth
accordi to tEis nE di nent. Code- nunber = .

101 cEFBISATRREG: REi bRCHREEECB TRETTT Haht Jeferrigy to
FIG. 19, Code number = 0 indicates a combination of
reference frames in a prediction mode from an
immediately preceding frame (one frame back);

Code number = 1, in a prediction mode two frames back;

15 and Code number = 2, in a prediction mode based on the
linear sum of frames one frame back and two frames
back. In the case of Code number = 2, the prediction
mode using the above linear predictive coefficients is
used.

20 ' In the first and eighth embodiments, the
combinations of reference frames can be changed on thg
macroblock basis, and the indexes in the table in
FIG. 19 are encoded on the macroblock basis.

FIGS. 20 and 21 show the arrangements of a video

25 encoding apparatus and video decoding apparatus

according to the 10th embodiment of the present

invention. In the first and eighth embodiments, a



reference frames. Code nunber =1 indicates that a
reference frane is one specific frame and that a frane

20 a specific nunber of franmes back is used as a

reference franme. A prediction based on the |inear sum

of all reference frames is performed by using the
predictive coefficients shown inFIG 22. In this

case, sonme of the predictive coefficients are set to

0 so that a 25 linear prediction based on a

conbi pati,on, of a r fere S.ga e

cwi t cRedIscRa FPape basret ShPRE PRATE o8 Earctinger s

mode. e, tﬁaﬁlﬁﬂmogfnﬁgg QEfEPE Ee§§9ﬁeénveﬁﬁ'@8%t%35t to

56 nDtI on vector or erenti a vector I's encode

usi ng+he, SEEE'@btﬁreﬁEBE@ﬁéhtCeéﬁeb@EEQﬁmbst E8iction
nmotion vectors in the f | om ng manner to further

decreeageah@nnaba@atz@ﬁt@E egdespEBYAt ¢ BrAn@DEbONeach
vect or conpression nethod using a spatial correlation

5wl hacdestbcRedyf uesShowichbeeeber goce tofeFéfce28rames or
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Referring to FIG 24, reference synbols AL B, C, D

and Etdenatiecad] avenbfnmacpobketksyi nfoneféranee Ii¥meas.
a notion vector or differential vector of the 10
nacroblockTAei§iﬁ@Oben@ndéd€dapaapaédﬁcﬁhcwnvéntBKGi320
generated fromthe notion vectors of the adjacent

macr obheérgdep, refepengad fEamgnmgmphéedr t bY - bet feedn g hkd2

notion vector qof the prediction vector and that of the
nacroEPBEESEPPQlEHCBBeHheCﬁaFﬁ@“HeE%B?ﬁ%ng?dgra%g gount (n) .
predi ¢

Dol GO LECt Ol 3, SELCHERLRL A A0S SRE YBTDES. 25,

g;ffefeeaua sVEEEQLREe! BEMBCHORLOEK A1 5, 05D8T ALEE 252
corresponding to the maximum reference frame count (n}.
In this embodiment, in a prediction based on a linear
sum, each of predictive macroblock generateors 151 and
251 generates a predictive picture signal by computing
the sum of the products of predictive coefficients W1
to Wn and reference macroblocks extracted from the
respective reference frames and shifting the result to
the right by Wd bits. The reference frames to be
selected can be changed for each macroblock, and the
linear predictive coefficients can be changed for each
frame. A combination of linear predictive coefficients
.is encoded as header data for a frame, and the
selection information of reference frames is encoded as
header data for each macroblock.

FIG. 22 shows a data syntax for encoding by using

a linear predictive coefficient as a header for a frame




adding this prediction vector to the encoded error
signal. 20 Encoding a notion vector error by variable
l ength encoding or arithnetic encoding can conpress
the picture with high efficiency. A notion vector can
be predicted by using, for exanple, the nedian or
average value of the notion vectors of the
macrobl ocks B, C, D, 2S and E as a prediction vector.
A notion vector conpression nethod using a tenpora
correlatioB bﬁ descrbbg ferenc Cﬁ
FIG 38COF észéo But GBPEARER t|v nf PAfRg l?& inear
FI'). Ref rrln l.G. ref o
b, anbEESdEhore SaF EEMREeRREr obPSoke THURRaTrPYReo
and a , k t sane 5
reBerfncf £20fe8: ;MREAOBLOS §lggt he

p03|t|ons as 0ose 0 nmacr obl ocks A, B, C, D, and

| nichfiBelr BFEMES RQ%SBeEB@s”Dt'OH vector or

M
dlfferen- tra?E ector of the macroblock Ais to be

‘sencodfd; ghRengMLieRD¥RELOKa 86 riREoABAE OBRACKnaFratst N80 and
sane position as that of the nacroblock Ais set as a

predi ol OAnd10ave&tOkhe ThEmPOt hONoMept ot EnbAr o8t L Ohear

can be conpressed by encoding only the error between

this ppeddcetivencwectociandst he vkehoenobdelie Coefficients
macr obl ock A. A three-dinensional prediction is

furt heeightiénghatherNoneoateetibr (81 thelWnmtrobl68k A0 and
by using a is spatiotenporal correlation and the

not i oAlVeepsrssppnding AacEbbl Bekrgegtive EﬁfaﬁanEﬁuﬁrameS

the frame FI and of the nmacroblocks a, b, ¢, d, and e
10 n t h8dRRrANEOFRIPRE_OhpHREnRG ERFBRCRAN2HR %%ﬁ%@%@sedThe

with Elgggg SLEE%E 1vg coefficient corresponding to the ith

reference frame is given by
W / 2Wd o (19)
FIG. 23 shows a table indicating a combination of
15 | reference frames to be encoded for each macroblock
according to this embodiment . Code numbexr = 0
indicates a prediction based on the linear sum of all
reference frames. Code number = 1 indicates that a
reference frame is one specific frame and that a frame
20 a specific number of frames back is used as a reference
frame. A prediction based on the linear sum of all
reference frames is performed by using the predictive
coefficients shown in FIG. 22. In this case, some of
the predictive coefficients are set to 0 so that a

25 linear prediction based on a combination of arbitrary

reference frames can be switched on the frame basis in
the linear prediction mode.

In this embodiment of the present invention, a



by encoding only the error between the prediction 20
vector and the to-be-encoded vector. A

t hr ee- di nensi onal prediction on a notion vector can
be realized by generating a prediction vector from

t he nedi an val ue, average value, or the like of a
plurality of spatiotenporally adj@acent notion vectors.
2.5 An enbodi nent of macrobl ock skipping according to
the present invention will be described. Assune that

in mofion %0%898%?2%9;?&&{1’& epcodh PO; st bgrsadd ey

58 macrobPocks™in prediction error signals

becong 0, yEEETS?EQiQYaBE!géﬁﬁ@PallBo£9é§a€§§§,béEWeen
order to reduce e encodi ng over head, macrobl ocks

that psatbsf vepiedef inedhe Predesei Ay nedncondt b i pastiaee
not 5 encoded, including the header data of the

macr ogke¢ksse €h@. moPkedi ctibor nbdes amcunotion
vectors. O the headers of video macrobl ocks, only
sthose of mackehlietksectorr espprdsagohomehbodunbéngod spatial
macr obl ocks that are consecutively skipped are
encodedrrknaaidecwdilhgbéOdeperabeanfirhe wkippegference to
macr obl ocks are decoded in accordance with a
pr edefilfied?24pr eBeterminedtaolEG- | A4t heefeFgRCapaeapls A, B,
macr obl ock ski ppi ng according to the enbodi nent of
the pFes®nt ahfvEntEBALtenaer BEEBEKIASKPBPPRES| S™def T nEpame -

to satisfy all the follow n 5 conditions that_a
r ef er BREB FrﬁﬁElPBH@cﬁgédogoélggeﬁ?ﬁg?ﬁ?i8ﬁcfgra9f the
100, CanHeSTPUGPEL ot R6n 8r PBr CRLgRATS rBrBurF oo Pltor i
ool 19985 K9y, Pl L LFERCLaDL ok bSatspcont
the .macroblocks B, C, D, and E. Only the error between the
motion vector of the prediction vector and that of the
macroblock‘A.is encoded. On the decoding side, a

15 prediction vector is calculated in the same manner as
in an encoding operation. The motion vector or
differential vector of the macroblock A is generated by
adding this predictien vector to the encoded error
signal.

20 Encoding a motion vector error by variable length
encoding or arithmetic encoding can compress the
picture with high efficiency. A motion vector can be
.predicted by using, for example, the median or average
value of the motion vecters of the macroblocks B, C, D,

25 and E as a prediction vector.

| A motion vector compression method using a

temporal correlation will be described with reference
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20 case wherein a notion vector is 0. The generated
predi ctive macrobl ock is reconstructed as a decoded
macr obl ock signal. Assunme that setting the linear sum
of two immediately preceding frames as a reference
frame is a 25 skipping condition for a reference
frame. In this case, macrobl ock 58ki ppi ng can be done
even for a picture whose signal intensity changes
over time, like 59 a fading picture, thereby inproving

the epcoding zgffigﬁgpcys $ﬁ5@r@@%iggﬁgécﬁ{@h@kffgﬁég;(Fo,

condi t7 on may~ ~ be changed for eac rame by sendi ng

the i X Of .8 rencprér ap® Sek i As SyBkdPPimg B, C
condiF?gh a%etﬁgfgﬁﬁeggerI%éta bfﬁia%ﬂgﬁrane. Byp@ S

changhng, i hexf H8ABL e SKkhPREOG: CRAGESD DECE ST i athe f foame F1;
an optimal skipping condition can be set in

accor gance, whi het he, panges| i escreblasks nput tip: csame,

t hereby reduci ng the encodi ng overhead. 10 In the
secongoppdecnl ARCtbbbockfskhpphagrolateckdihg Bo €heD, and E
enbodi ment of the present invention, a notion vector

i s predi thevekynentodedWhasste mhaton veskeobbbbcRifieren-
ski pping condition is that-the error signal of a

not | ohigécvertps Of The menuPhinagkcbndstien’e apecaded, the
the sanme as those for macrobl ock skipping in the first,

mode wesépnbedachpbvel Fhethackebbnaknpdrt Fhe g2@BaiRgstt+on

a ski pped. macrobl ock, a dicti ti s
generéFeEhﬁFrgﬁ.t??p?@ﬂF@%fB%Ep#ggﬁ?ge ggﬁg%gég%%%étlon

o B e L e le TP Bl P %ehnEe
compressed by encoding only the error between this
prediction vector and the vector of the macroblock A.

A three-dimensional prediction is further made on
the motion vector of the macroblock A by using a
spatictempcral correlétion and the motion vectors of
the macroblocks B, C, D, and E in the frame Fl and of
the macroblocks a, b, ¢, d, and e in the frame FO. The
motion vector can be compressed with higher efficiency

by encoding only the exror between the prediction
vector and the to-be-encoded vector.

A three-dimensional prediction on a motion vector
éan be realized by generating a prediction vector from
the median valué, average value, or the like of a
plurality of spatiotemporally adjacent motion vectors.

An embodiment of macroblock skipping according to

the present invention will be described. Assume that

in motion compensation predictive encoding, there are
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signal of the macroblock is generated. In the third
mode of macrobl ock ski pping according to the

enbodi ment of the present invention, a skipping
condition is that to-be-encoded notion vector 25
information is identical to the notion vector

i nformati on encoded in the i medigately preceding
macr obl ock. To-be-encoded notion vector information is
60 a prediction error vector when a notion vector is

b ed | de d
Rl e
th t
T L S 0 B ol 3, | PBSEA Uee,
nacrogkggg §§hg8?ﬁg% e, oéf%%pggePﬁéégblﬁ&gréﬁlééks that

be deco e-enco tion vector

'nforQEEEQEy réggﬁfggg aﬁr@de@@ﬁni@@d ODLE 0P ¥eEtHFe not
i s reconstruc A prediction picture 10 i s generat ed

ff0n1Qﬁ@gééarnlﬁ@ﬂua@ﬁgremgehéa@@ESdaﬁa € COREangeroblocks,
with the reconstructed notion vector, and the decoded
si gnak , gf , t Becanet Obh 0kdésS @maﬁ@tem #Assuoes t hadf i the

-the. fourth node of macrobl ock skipping, a-
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conbi natdensobfref éeencaectolbesks o welyusedosd50f gnagroblocks
prediction is identical to that for the imedi ately
encodedrnaspobiibei. tThehe emaiing ngo § kivppl plgloekndihd ongre

are the sane as those in the first node described .
abovecopseowbivady shippedf2¥ehepeadedf n%%r%b@%%%d%@g

ski ppi ng, a conbination of reference franes sed f

pr edi BPEBATLQNT dBRE| B4iPPed t RAFTPBIOTHRE Fhiedf aees

accordance with a predefined, predetermined mode.

Iin the first mode of macroblock skipping according
to the embodiment of the present invention, macroblock
skipping is defined to satisfy all the following
conditions that a reference frame To be used for a
prediction is a predetermined frame, all motion vector
elements are 0, and all prediction error signals are 0.
In a decoding operation, a predictive macroblock is
generated from predetermined reference frames as in the
case wherein a motion vector is 0. The generated
predictive macroblock is reconstructed as a decoded
macroblock signal.

Assume that setting the linear sum of two
immediately preceding frames as a reference frame is a
skipping condition for a reference frame. In this
case, macroblock skipping can be done even for a

 picture whose signal intensity changes over time, like
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encoded macrobl ock_ The renai ni ng ski ppi ng condi tions
are the sane as those in the first node descri bed
above. 25 Assunme that in the sixth node of macrobl ock
ski ppi ng, a conbi nation of reference frames used for a
prediction is identical to that for the i mediately 61
encoded macrobl ock. The remai ni ng ski ppi ng conditions
are the sanme as those in the third node descri bed
above According to the skipping conditions in either
of e first, to sixt es .descri.bed

r educal i ”i?i %]n‘?:tdjcﬁerig é’adwg)ri:d) “hi gthtsap efechcidelrli]tg

di f t
o G Gk i e éﬁeaﬂ%l.k‘%egl g hét%ﬁf%a!e?f)ipﬁﬁa‘?%%m“ may
Corr%@tél‘?’&&gd @of@&!l A ‘?:{}/ adipgeny E?Pecrl%?ie%‘&% a

or change 1 n”Signha over ti'nme 1s high.

FI G Shoys: an-snbadi By 14y Whigh RilHe@¥ngition as the
.predictive coeffiCient estinator 701 is added to the

Vi de, &0160di gt ARPArAL S BeeQr di Y o dhie reyhodi Meiine
shown in FIG 20. In the linear predictive coefficient

Lis estipmif JdHditpredi il weopefdadnad entrs drarirel skipping
linear prediction are determned froma plurality of

r ef erenodi t fo@mes ibe asdoridanceoddandeheridibs t@mc e fapemt ies
each reference frane and a video frane, a tenpora

changef ian iﬁpuﬂnnxnﬁﬁnemmuhﬂnﬁbyinaﬁnnlWQwﬁh@ e ey
like. A 20 plurality of enbodi nents associated with

det erafawzhdash. of specific predictive coefficients

w ||l be described bel ow.
In the second mode of macroblock skipping

according to the embodiment of the present invention, a
motion vector is predictively encoded. Assume that a
macroblock skipping condition is that-the error signal
of a motion vector is 0. The remaining conditions are
the same as those for macroblock skipping in the first
mode described above. In the second mode, in decoding
a skipped macroblock, a prediction‘motion vector is
generated first. A prediction picture is generated
from predetermined reference frames by using the
generated prediction motion vector, and the decoded
signal of the macroblock is generated.
In the third mode of macroblock skipping according
~ to the embodiment of the present invention, a skipping
condition is that to-be~encoded motion vector
information is identical to the motion vector
information encoded in the immediately preceding

macroblock. To-be-encoded motion vector information is



FIG 27 shows a prediction nmethod of predicting a
frame fromthe |linear sumof two past franes. 25
Ref erence franes FO and FI are used for a video frane
F2. Reference synbols Ra and Rb denote the inter-frame
di stances between the respective reference frames FO
62 and FI and the video frame FZo Let WO and W be
linear predictive coefficients for the reference
fragcs FO and Fl. A conbination of first linear
predictive,. coefficients i . . T. ' [
c;anbL?]aE’?%ﬂl%%c%lﬁ %)ér%ﬁt%?%:eé f@?)erﬁgt )em%iffrr]%“? e\}eZ%/tecgrggﬁes to be
of the_t e ne 0 i r } Cil
coet 1Rz B eh B S A e Y e v e e e

in aﬁg%ﬁdfgpfsp$%? %PQdi@Ef&éiﬁa@ﬁb&@é&ﬁnoﬁhe|fbﬁi&hing

case shown in 7(20), |1 near predictive
Coeff?&bﬁﬂ%§oﬂg 8re gh¥ebahy gquehdod {20he [firdiormode
exanple, the frane intervals are constant, Rb = 2*Ra,
sand | jpearippaedhetbve coefficients given by: (WO, W)

=- RRRb Ro- Rar Rb - Ra (20) are (WO, W) = (-1,
2). 15 Acconding thieduabidenof2@pcreveockfskheping, when a
inter-frane distance between each reference frane and
_ t he videppédamecaobiochribytehbngéscodedr opee Fomiearencoded
g predi ction can be nade. Even if, for exanple,
vari abbeibnamectat eivfietdi hgon sl peF o7 Reed bys Ui mypd the

? motion vector is reconstructed. A prediction picture

i0 is generated from predetermined reference frames in
accordance with the reconstructed motion vector, and
the decoded signal of the macroblock is generated.
Assume that in the fourth mode of macroblock
skipping, a combination of reference frames to be used
15 for a prediction is identical to that for the
immediately encoded macroblock. The remaining skipping
conditions are the same as those in the first mode
described above.
Assume that in the fifth mode of macroblock
26 skipping, a combination of reference frames used for a
prediction is identical to that for the immediately
encoded macroklock. The remaining skipping conditions
are the same as those in the first mode described
‘above.
25 Assume that in the sixth mode of macroblock
skipping, a combination of reference frames used for a

prediction is identical to that for the immediately



20 franme skipping or the like or two arbitrary. past
franes are selected as reference franes, high
prediction efficiency can be maintained. In an
encodi ng operation, one of the first and second
predictive coefficients my be permanently used or
the first or 25 second predictivgl coefficients may be
adaptively selected. As a practical method of
adaptively selecting predictive coefficients, a

nEthonggdgg ﬁgk§8%588kpregh8t ¥ﬁa%§§$% % g?ﬁ§n8yco%ditions

usi ng the average um nance va I'n”eac
fr a"ea!.?eytng ygﬁg aés\s_Hngt at ctbecayes algsdé uma@éf@@ed
values I1n the franes FO, Fl,and F2 are DC (FO)
(FI') gpapd DC (F2) , 5 respectlvely As for DC
conponents of a intra-frane, the nmagnitudes of
predi cti onaeebeHsSngbtai ned byiyping tbediespastiMeeither of
| i near predictive coefficients are cal cul ated by the
sequat thasr{2id}and £22rh WOEES) desDE{BAY) £Rdye LODCLEQNCction
- 2 Ra DC(FO) (22) Rb DC(F2) -DC(FI) - Ro - Ra Rb - Ra
| f thénvahuedbhgmavheheaicaeipneglipne{2iyiest enupileng can
than that of mathematic expression (22), the 15 first
predlbelVeaéééeﬁlbVeﬁffiglgétéEt@@US%ﬁgtMéCV@bh@Cko$klpplﬂg

mat hemati ¢ expression (22) is snaller than-that of
by using the property that the correlation of movement

between adiacent macroblocks or change in signal
190 intensity over time is high.

FIG. 26 shows an embodiment in which a linear
predictive coefficient estimator 701 is added to the
video encoding apparatus according to the embodiment
shown in FIG. 20. In the linear predictive coefficient

15 estimator 701, predictive coefficients for a linear
prediction are determined from a plurality of reference
frames in accordance with the distance from each
reference frame and a video frame, a temporal change in
DC component within an input frame, and the like. A

20 plurality of embodiments associated with determination
of specific predictive coefficients will be described
below.

FIG. 27 shows a prediction method of predicting
a frame from the linear sum of two past frames.

25 Reference frames FO and Fl1 are used for a video frame
F2. Reference symbcls Ra and Rb denote the inter-frame

distances between the respective reference frames FO



mat hemati ¢ expression (21), the second predictive
coefficient is selected. By changing these predictive
coefficients for each video frame, an optical |inear
20 prediction can be made in accordance with the
characteristics of a video signal. Efficient |inear
predi ction can al so be nmade by degtermning the third
and fourth predictive coefficients by using the ratios
of DC values in the franmes according to equation (23)

25 or §4¥&2§ EEKXF2b$%DEf%§§F§%‘&iE%fE@%x%égf%lg )linear
0 Rb R Qbeffﬁ@lentﬁﬁ PECELL §Q€e£§ggg FLBREE PO

predlgglve coe f|C|en glven equat i on

wei ght.ad &?an g%%hsélbﬂ o§09§£9§r?lh@Qroﬁréaﬁcﬁlve

ratios of the ues I n the frames. The fourt

| i neapopredi-¢Lhye ¢Qefibi e eptsgivetnabyigauahioncé#Blnation
is the |inear predlctlve coefficient calculated in

sconsi darabeopnehihba Fabihoshef sifpl BPCaveahyesointhbetwo
frames and the inter-frane distances. In the use of

t he abe¥ersacendrtmebour hcbhdeainpaedpeedvetife coeffi--
coefficients, linear predictions require division.

Howevet enirat eliengetbenéorpubgt L bnepreeksiopodttibe in
time of encoding with that at the tinme of decoding

al | onscacrflpnear wptbditbei dntpasédann dustapFecat IBnghe case

~and bit
shown in FIG. 27(20), linear predictive coefficients

10 are given by egquation (20). TIf, for example, the frame
intervals are constant, Rb = 2*Ra, and linear

predictive coefficients given by:

(W W)_(—Ra Rb ) 26
0r "1 Rb — Rz ' Rb — Ra ' - (20)

‘are (WO, W1} = (-1, Z).

15 According to eguation (20}, even if the
inter-frame distance between each reference frame and
the video frame arbitrarily chandes, a proper linear
prediction can be made. Even if, for example,
variable-frame-rate encoeding is performed by using

20 . frame skipping or the like or two arbitrary past frames
ére selected as reference frames, high prediction
efficiency can be maintained. 1In an encoding
operation, one of the first and second predictive
coefficients may be permanently used or ihe first or
25 second predictive coefficients'may be adaptively
selected. As a practical method of adaptively

" selecting predictive coefficients, a method of
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shifts without any division. 15 A practical syntax may

be set such that each Ilinear predictive coefficient

is expressed by a denom nator to a power of 2 and an

i nteger nunerator, as in the case shown in FIG 22.

FIG 28 shows a nethod of predicting a frame fromthe

| inear sumof two 20 tenporallyéadjacent franes.
Referring to FIG 28, reference synbol F1 denotes a

t o-be-encoded frane; FO and F2, reference frames; and

Ra ansdeil%bctjhﬁeepferﬁﬁrij@%é%ﬁtﬁ%ﬁcss bt wRehd h@e average
respective Teference rames and the video frame. In

addi tl']ﬂ'ﬁ‘in%ﬂ&eaiyaﬁﬁe prgdi~eting coefdd @ emtammd otayt e used.
reference frames FO and F2 are represented by WO and

W2, respeciiyvehy. tHhe thdtddefdgurel @vaiage wad liess ofn the
the | um nance val ues of 65 the respective franes are

repr esent@d by, DE(FQnd ®O(ft9 D@D )DC(IF2)EL) , and DC(F2),
respectively. Four types of predictive coefficient

conbi nedpenisi vé ke. t Maseféin DEIG@MRRD) of e ginderp Hyrame,
equations (25) to (28) 5 Ra Ro Rb+Ra' Rb+Ra 1 DC(FIl)

1 0 DO{&Flnagiliyaws @ pr4di@g@o)errer DOEBHIfeqd p)using
= (0.5,0.5) rr 1 (w0,w2) W, W) ) Ra FI') Rb

DC( Fljhe Erespepbive Doeg prawblol e mge)iclents are

calculated by the equations (21) and (22):

DC(FZ) _ [DC(FO) JZr DC(FZL)] (21)
- Rb Ra
DC(F2) — (m pc(F1) - I DC(FO)] (22)

If the value of mathematic expression (21) is
smaller than that of mathematic expression (22), the
first predictive coefficient is selected. If the value
of mathematic expression (22) is smaller than that of
mathematic expreésion {(21), the secénd predictive
coefficient is selected. By changing these predictive
coefficients for each video frame, an optical linear
prediction can be made in accordance with the
characteristics of a video signal. Efficient linear
prediction can also be made by determining the third
and fourth predictive coefficients by using the ratios
of DC values in the frames according to equation (23)

or (24}):

1 DC(EF2
(W:W]_):("_' ( )r

(23)
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(25) (26) (27) (28) Equation (25) represents a sinple
average prediction; equation (26), a weighted nean
predi ction 15 based on an inter-frane distances,
equation (27), a weighed nmean prediction based on the
rati os of the DC values; and equation (28), a

wei ghting prediction based on te ratios of the DC
values and the inter-frane distances. 20 FIG 29
shows a nethod of performng a predeterm ned

predi ction /based on therdi nearC(Bzim of Rbt hr e )HBBL
frames. REK@@éﬁgezggﬁﬁgj§aFthI§f®’QQ9,F%a d Pﬁ] (24
reference franes; , a video frane; and Rc?ﬂ%b, and

Ra, the intgr-thang diskancpschetween LBEf25cient given by
respective reference franmes FO, Fl, and F2 and the

vi deofareoh3.(2bN tBetrasfes8AVRAI RekhGral28uastyel in
a plurality of linear predictive coefficient

conmbi pahkeAsre@ncheoeonrei YediosThe thkl Dl nglissaibbthe
speci fic exanple. Assune that the linear predictive
coef f rehrALS f Ohet feureBpéthibse pebdiencecf cagEfiaient given
represented by NO, W, and W2. A conbi nation of first

pr edi byi equebébhi ¢Réht s Sheslgheen byecdggaivencegbficient
The first predictive coefficients are used for a

si npl ezdvelagedpindrensbderphsed oA thresaképarehckhe DC

frames. A prediction picture F3012 based on the first
predi@PﬂVéscééfﬁhéiéﬁ?mes and the inter-~frame distances. In

the use of the above second to fourth linear predictive
coefficients, linear predictions require division.
However, matching the computation precision at the time
of encoding with that at the time of decoding allows a
linear prediction based on multiplications and bit
shifts without any division.

A practical syntax may be set such that each
linear predictive coefficient is expressed by a
denominator to a power of 2 and an integer numerator,
as in the case shown in FIG. 22. FIG. 28 shows a
method of predicting a frame from the linear sum of two
tempofally adjacent frames. Referring to FIG. 28,
reference symbol Fl denotes a to-be-encoded frame; FO
and F2, reference frames; and Ra and Rb, the
inter-frame distances between the respective reference
frames and the video frame. In addition, linear
predictive coefficients for the reference frames FO and
F2 are represented by WO and W2, respectively. The

intra-frame average values of the luminance values of



conbination is represented by the equation (30): 10
W) = (WO, W, W) 3(29) aF 12 =3 (FI + F2 + F3)

(30) The second, third, and fourth predictive 15

cfepresented by equations (
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coefficients are coefficients for perform ng an
extrapol ati on prediction based on |inear extrapolation
by selecting two frames fromthegthree reference
frames as in the case of a prediction based on
equation (20). Letting eF312 be a prediction picture

SRR SRR L LB PLEEL LA LA,
g Rl
or o0 SO BLOLUE 808, Loy VLER,LERTELER WL Se i

t hese di-et;hban Ri-ct HE a LV .
FREAbeL Lo Bl H'i%nsl% ,e%gé?%gﬁd?%%é)t? é%B%.

ROF2 - RaFl (@1), F = ¢ [ Ry - RaRd - Ra- (25)

Ra Rb J
\Rb + Ra ' Rb + Ra

Il

(Wg, WZ)

-— 9 '"—~.

2 DCFO) 2 DCEF2)

(i, W2) 1 DCEL 1 DC(Fl))

(WOr Wz) = . / . (28)
Rb + Ra DCF0)  Rb + Ra DCF2)

[ Ra DC(F1) Rb DdFD)

Equation (25) represents a simple average
prediction; equation (26), a weighted mean prediction
based on an inter—-frame distances, equation (27), a

- weighed mean prediction based on the ratios of the DC
values; and equation {28), a weighting prediction based
on the ratios of the DC values and the inter-frame
distances.

FIG. 29 shows a method of performing a
predetermined prediction based on the linear sum of
three past frames. Reference symbols FO, Fl, and F2
‘denote reference frames; ¥3, a video frame; and Rc, Rb,
and Ra, the inter-frame distances between the
respective reference frames FO, Fl, and F2 and the
video frame F3. In the case shown in FIG. 29 as well,

a plurality of linear predictive coefficient

combinations can be conceived. The focllowing is a




eF02 =RcF2 -RaF(Q(32) Rc - RaRc - Ra 5e FO1 =RcFl
-RoFQ(33) Rc - RbRc - Rb Letting eF3012 be a

predi ction val ue obtained by averaging the val ues

gi ven by equations (31) to (33), the prediction value
eF3012 can be given as the fifth predictive
coefficient by the equation (34)de 10 FO12 = 1 2RaRb -
RaRc - RbRc FO 3 3 (Rc - Ra) (Rc - Rb) + 1 RaRb -
2RaRc + RbRc F1 3 (Rc - Rb) (Rob - Ra) + 1 - RaRb -

FaRC $peBPRec g amo {8 ~ARAInd Mhat FA)e (BlhlodPehdaideive

first"Yo predictive iclents may be

used. ivel i a- . ave -
e Y i o e

the frapess&ESxell by FRo, and, F3ndmy2 be cal cul ated, and
the intra-frame average | um nance value of the video

frane F3 maycbehpnediehedfbyiust ngreacht dfe tbefabovents
five predictive coefficients. One of the predictive
scoef figi ghtenwhy chgexbidmt $629) m niteint 20s prdedt dioive
~error may be selectively used for each video frane.
The useebfithentatsee asednfenentsiipbwsavexagmmiediction
selection of an optimal |inear prediction on the _
f r anebdasd son nthreer vahceenie hExaee pr oprRi@SL @1 picture
i nput p'féure and can realize high-efficiency ., .
encod?hg. based on the first predictive coefficient

combination is represented by the equation (30):
10

1 1 1

'@%p W, W) = (E,'gf'gJ (29)

aF{1? = 1 (Ft + F2 + F3) (30)
3

The second, third, and fourth predictive

" 15 coefficients are coefficients for performing an
extrapolation prediction based on linear extrapolation
by selecting ftwo frames from the three reference frames
as in the case df a prediction based on equétion {20) .
Letting eF312 be a prediction picture of the video

20 frame F3 which is predicted from the reference frames
F2 and Fi, eF302 be a prediction picture of the video
frame £3 which is predicted from the reference frames
F2 and ¥F0, and eF3Dl bé a prediction picture of the
videc frame F3 which is predicted from the reference

25 frames F1 énd F0, these prediction pictures are
respectively represented by equations (31), (32)

and (33):




25 In addition, the predictive coefficients obtained

68 by multiplying the first to fifth [inear predictive
coefficients by the ratios of the average | um nance
val ues of the respective frames may be used. If, for
exanple, the first predictive coefficient is

multiplied 5 by the ratios of thgyaverage | um nance
values, a predictive coefficgient is given by equation

(35) be low This applies to the renmining predictive
coefficientsy»1 DC(RY) 1 F3)Ra F3)(35) 10 (WO
W, W) = fsf‘@qFo—kbs_@gEE)c‘(%—qué%l FIG 30 shows a 3%
net hod of performng a prediction based on the |inear
sum of two past fra and one uture frane.

Ref er ence ohs—FE§5F+F2aﬂ It e reference (32)
frames; F2, a vidé&¢ fride; arff RcR2Rb, and 15 Ra, the
inter-frane di stances between the reference franes
FO, F1, andgﬁa and tHie v%gqp fﬂﬁne.ﬁjn this case, as
in the cas€ Shownn_Fgs T 29 ra_pkurality of

predi ctive coefficient conbinations can be determ ned.
by using thettanigosFaflEhbei nt prefiiatecdi shaneesbaained by
20 the DC values in the respective franmes. In

addi t hearagangophenublpeedotvenebgoefibitiens (31) to (33},
conbi nati on can be deternineﬁ 5ron1the prediction _

err or §hef PERE1OLIQAI Hebue| AFsHE’ f Eapeke givedras the fifth
predi cti Qn expressi gns or Eredictive 25 coefficients

cor r eBpBAUFRGE o REHAL FORBE (BY) Th® ¢285TiA™ (RS :
10prediction nethod in FIG 30 are expressed by the

equati ons %%@hztg g&RaRb-—RaRc—~RbRcFO
Sl

3 (Rc — Ra) (Rc — Rb)
+ l‘RaRb—~2RaRC + RbRc

7l {34)
3 (Rc — Rb) {(Rb — Ra)
J[__1_—-RaRb——RaRc—l—2RbRc

3 (Rc — Ra) (Rb — Ra)

5 {33)

F2

OCne c¢f the first to fifth linear predictive
coefficients may be usead. Alternétively, intra-frame
average luminance values DC{FO), DC{Fl}), DC(F2), ana

15 DC{F3) of the frames FO0, Fl, F2, and F3 may be
calculated, and the intra-frame average luminance value
of the video frame F3 may be predicted by using each of
the above five predictive coefficients. ©One of the
predictive coefficients which exhibits a minimum

20 prediction error may be selectively used for each video
frame. The use of the latter arrangement allows
automatic selecticn of an optimal linear prediction on
the frame basis in accordance with the properties of an
input picture and can realize high-efficiency encoding.

25 | - 'In additiocn, the predictive coefficients obtained
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69 a 213 =1 (FO+ FI + F3) el-13 = R F3 + Ra FI Rb
+ RaARb+ Re5eF2 3 =Rt F3 + Ra FO Rc + Ra Rc + Ra
e FO1- RRFI - Rb RR- Rob Rc Ro 10 FOe F2 013 1 -
2RaRb + RaRc - RbRc FO 3 (Rc + Ra) (Rc - Rb) 1 - RaRb
+ 2RaRc + RbRc + - FI 3 (Rc - Rb) (Rb + Ra) + 1 RaRb
+ RaRc + 2RbRc F3 3 (Rc + Ra) (&b + Ra) (36) (37)
(38) (39) (40) ( 41) r _ 1 DC(F2) 1 DC(F2) 1
EF&?Z)tmoh , WVB T (3 DC(FO " 3 DC(F1) ' 3 DC(F3))

S L on_vect ot
searcﬂylﬁugFaggyéﬁgoéﬁﬁg?éE%g % ?Bh %%n%ﬁ5o%rﬁel%tlve

the g%g%g?gg'ﬂé§ﬂé N £l & §§ Hgmgvgrggé'fﬂmlnance

of
vect or°% CinPa Case wher e Fedi ction

s nagslaxa Ysi ng.two consecut kys LLanes B8 £L8! eNEE, for

frames
example, the first predictive coefficient is multiplied

by the ratios of the average luminance values, a
predictive coefficient is given by equation (35) be
low. This applies to the remaining predictive

coefficients.

)

CIF3)
DCFL)

(o, Wy, W) = [E . 22 (35)

1, 1, DuFmJ
3 DCFO) 3 3

DC(F2)

FIG. 30 shows a method of performing a prediction
based on-the linear sum of two past frames and one
future frame. Reference symbols F0, Fl, and F3 denote
reference frames; F2, a video frame; and Rc, Rb, and
Ra, the inter-frame distances between the reference
frames F0, Fl, and F3 and the video frame. In this
case, as in the case shown in FIG. 29, a plurality.of
predictive coefficient combinations can be determined.
by using the ratios of the inter-frame distances and
the DC wvalues in the respective frames. In addition,
an optimal prediétive coefficient combination can be
rdetermined from the prediction errors of the DC values
in the frames.

Linear prediction expressions or predictive
coefficients corresponding to eguations (30) to (35) in
the prediction method in FIG. 30 are expressed by the

equations (36) to (41} :
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one representative notion vector is encoded, as shown
in FIG 6. Reference synbol F2 in figure denotes a
video frame; and FO and FI, reference franmes. 20

Ref erence nuneral 10 denotes a video macrobl ock; and
12, 14, 16, and 18, sone reference nmacrobl ock
candidates in the reference frames. In order to obtain
an optimal notion vector for the nmacrobl ock 10,
notion vector cand%dates (rmotion 25 vector candi dates
11 and 15.i noRkBG. for,t eference frame Fl
within a nbtZon Veg&%?qégéfgﬁgpange 70 and the notion
vectors (a notion vector 13 obtained by scaling the
motion vector candigate 11 andgg notion vector 17

obt ai ned byF%EaFi ot &t candidate 15 in
FIG 31) obtai ned®By" &l i ng®Pné Bfotion 5 vector

candi dates in accordance with the inter-frane

di stance argogsed a@ﬁhotbgq_veéﬁbrsFﬁor the reference
frame FO A pr edi gti vedracr ollcoekra S generated from
the linear sumof the reference macrobl ocks 14 and 12
or 16 and 180§xtrac¢@p fromtheygwo reference franes
FO 10 and FEF; "The_ di Ehtiﬁf—vgyugobetmeen t he

predi ctive macrobFock™and th& he- encoded
macrobl ock 10 is calculated. Wen this differentia
val ue becopg®1l3mninm + ST not i on
vector is deferm ned aBcatnmd)i B veritor search resul t
for each macrobl ock., 115 ik gnZBefpensdticop,
predictive encoding i thg -pepf woedripr each
macr obl ock by using_g@deEbermaﬂﬂrF2&hR© vector. A
nmotion vector may be det gii;ngd) \dh, Gonpgj derati on

1 DC(F2) DC{F2)

c(F1)

};. DC(F2)
3

DC(F3)

)

{37)

(38)

(39)

(41)

FIG. 31 shows the first example of a motion vector

search in video encoding according to the embodiment of

the present invention. FIG. 32 shows a motion vector

search method in a case wherein a prediction is made by

using two consecutive frames as reference frames, and

one representative motion vector is encoded, as shown

in FIG. 6. Reference symbol F2 in figure denotes a

video frame; and FO and Fl, reference frames.

Reference numeral 10 denotes a video macroblock; and

12, 14, 16, and 18, some reference macroblock

candidates in the reference frames.

In order to obtain an optimal motion vector for

the macroblock 10, motion vector candidates (motion

vector candidates 11 and 15 in FIG. 31) for the

reference frame Fl within a motion vector search range



of the encodi ng overhead for each notion vector itself
20 as well as the above differential value. A notion
vector may be sel ected, which exhibits a m ni mum code
anmount required to actually encode a differentia

- signal and the notion vector. As described above, the
motion vector search nmethod can gbtain an accurate 25
notion vector with a snmaller conputation anount than
in the method of separately searching for optim
nmotion vectors for the reference franes FO and Fl. 71
FI G 32dshBasmeheoRekBRECER afpl BObECR WBEToRH 1%e%?%%lned by
search iEéVIdeo encodi ng accordin the . enb m

of L HECRIBEENENE TSR PBOEToF GONAhOALS ol et fanf TOtion

vect or S arc urr ent

frame’fs 3Feg %gab§e Sﬁﬁé??%&?@%%ﬁ%%u??gﬁogra%%%o
refergn EQQEfS Andz-pae %?frgﬁﬁgiﬁéﬁvg ng 5oy Zfﬂ@rmotlon

IS enco or one represen Ive notl on or a

5d'ffeﬁ88E5§'c¥ﬁ8%8%t§£e n&@éﬁgdaﬁéeS@PMH tﬁeFlﬁ%eP+frame

e sanme net as that shown In FIG

Rbferahgeaﬁeelgrgl&ée§2asrﬁ6€£§ﬂ0@eéyaPQIfgg Lot £8e Pence
video frane; and FO and FI, reference franes.

Ref er engge npoer ah é@edQ@ﬁQ{@Smﬁcybﬂﬁ@cﬁaﬂé obd 106K t &Adf rom
12, 14, 16, and 18, r ef erence macrobl ock candi dat es

i n theheel ereacesuhrafeshe lbef aréhee seconclh etkonl4 and 12
vector search, a search is nade for one notion vector
wi th oespécantol 8 hextwectedf éremcehéranesraterentdeframes FO

first notion vector search. Referring to FIG 32, a
10 ot i oangeElor The apiif Gernertbal vebrerbaBvwemk afedorgdictive

scaling the notion vector 11 are
macroblock and the to-be-encoded macroblock 10 is

calculated. When this differential value becomes
minimum, the corresponding motion vector is determined
as a motion vector search result for each macroblock.

15 Motion compensation predictive encoding is then
performed for each macroblock by using the determined
motidn vector.

A motion vector may be determined in consideration

of the encoding overhead for each motion vectoer itself

20 as well as the above differential value. A motion
vector may be selected, which exhibits a minimum code
amount required to actually encode a differential
signal and the motion vector. As described abbve, the
motion vector search method can obtain an accurate

25 motion vector with a smaller computation amount than in
"the method of separately searching for optimal motion

vectors for the reference frames FO and F1.



20 selected as optical notion vectors. Are-search is
made for a notion vector with respect to a reference
macrobl ock fromthe frame FOin an area near the
notion vector 13. In re-search operation, the
reference frame 12 extracted fromthe franme F1 by
using the notion 25 vector 11 isyfixed. A predictive
macrobl ock is generated fromthe |inear sum of the
reference frame 12 and the reference franme 14

extract ed n ar near the 72 not
‘ o 2P ERes hease PO AxREPLBnoFat BPELSD

frame FO. R¥Ps
i t.h t t .
mw&ﬁﬁ%eﬁs%%ﬁ%&%cl%m£%@%ﬁ%%e

Lo~ be e fRERURInIRGEODLOCk, o BoAPSURECRDRLLS VEfIEO $h00RLus o

is se a cons an ane rate é interva
bet wegn.t B QEQE§§ g§a§EH mgkhéﬁd hhe bQESrMﬂErgﬁﬁmﬁeaurrent
the frames Fl are equal. In this case, In

50rderfE9m§e§ECErEQEc§eSOB§tﬁBEngnQMgn@Bﬁse@uﬁfﬁéChrames as

range wth respect to the reference 10 franme FO needs

to bert@urehbAESrhABELr ahl B8h8ArEptEQenthanva £6AL6H vector
range with respect to the reference frame Fl. A

sear chsf encadaot bencrecteprusthtaespechot bohheectww and a

reference franes' FO and FI with the sane precision
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requi desfareohpal aveohoansuat ehoodedi nes thoger ithBRG. 6, by

15 that for a search for a notion vector in a _

pr edi Eheoramgngthednsshehatf eheveelnr BRe- FPL- Referrlng to

~According to the second notjon vector search  netho

firstFof-aPP; 5e§e5?@ﬁeu§ywﬁaé Férdanbes o V%%%?oﬁramef and
ce frane with fu

with res 0 refere

pr eci EFOROOTR r EFEPERBES! FARB RO | E-TRER Seat ERREF of ¥
denotes a video macroblock; and 12, 14, 16, and 18,
reference macroblock candidates in the reference
frames.

In the second motion vector search, a search is
made for one motion vector with respect to the two
reference frames as in the first motion vector search.
Referring to FIG. 32, a motion vector 11 and a motion
vector 13 obtained by scaling the motion vector 11 are
selected as optical motion vectors. A re-search is
made for a motion vector with respect to a reference
macroblock from the frame FO iﬁ an area hear the motion
vector 13. In re-search eperation, the reference frame
12 extracted from the frame Fl by usihg the motion
vector 11 is fixed. A predictive macroblock is

generated from the linear sum of the reference frame iZ

and the reference frame 14 extracted an area near the



a.notion vector obtained by scaling this notion vector
twice. The reference frane FOis re-searched with ful
preci sion. The use of such two-step search operation
can reduce the conputation anmount for a notion vector
25 search to alnost 1/4. In the second notion vector
search nmethod, notion vectors ff% the reference
frames FO and FI are -73 separately obtained. In
encodi ng these notion vectors, first of all, the

not i on vector 11 for_the reference frame Fl is

encodBA - FReVAFFPESr bAt PAI Thect b1 Bel heer? ¥%esﬁ%¥?%nls made
t 13_obt d b th t to
and. {R8" nB TOh. ect B0t 4F hid" SPTRe FBSCRY Topre 10 S0 as
h f ded. ,. Thi
ks cPe MpBeat BF b P EREEs AL ARG A o He

each HQ%%EBB%%{@EtQ%d %ée%cﬂe'én £ L1061 '0”

vect or al ne scal i ot on vec 11 in

sa re- Searcﬂs%ﬁﬁ@etﬁgt atkldboe51gﬂéihl§ gggrgg a ﬁgnstant
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precision of 1/2. only a re-search is nade for

Mot i oRry¥@6t Batd3 whahihul intPFeE] BOPvedn tHiSFEAREs F2 and
the notion vector with respect to the re-searched

ref erencendir ane f&xésvstabetdén tthd/ Pranddd srTekes Fd are
possi ble to uniquely reconstruct the notion vector 11

Wi th egspect Io thesrefseenie ofdeuretdlseagas df@ssa ofonstant
the re-search result. There- fore, only the notion

vect crovigmént espestaroht henge ef rlencespecihel FO bayrderence
encoded. In _a decoding 20 operation, the notjon vector

11 wi fRaPesPRcheeds t e be ef@ilncigy aher gar chn dwea ratio

obtalned bg scal ing the
search range with respect to the reference frame

Fl1. A search for a motion vector with respect to the
two reference frames FO and Fl with the same precision
requires a computation amount four times. larger than
that for a search for a motion vector in a prediction
only from the reference frame F1.

According to the second motion vecior search
method, first of all, a search is made for a motion
vector with respect to thé reference frame Fl with full
precision., The reference frame F0 is then searched for
a motion vector obtained by scaling this motion vector
twice. The reference frame FO is re-searched with full
precision. The use of such two—sfep search operation
can reduce the computation amount for a motion vector
search to almost 1/4.

In the second mofion vector search method, motion

vectors for the reference frames F0 and ¥l are
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received notion vector to 1/2. FIG 33 shows the third

notion vector search nethod. In this notion vector
search nmethod, a current 25 frane is predicted by
using two consecutive franes as reference franmes, as
in the nethod showmn in FIG 31, as shown in FIG 6.
One representative notion vectorsi s 74 encoded, or one
representative notion vector and a differentia

vector are encoded. Referring to FIG 33, reference

synbol F2 denotes .a video frane; and FO and F1,.

e et 15 Do Bt Ao e e W gt s vectors,
vi deo r obl ock; d12.. .14 16, and.1 S

r ef erfefrgsgt n%%crag‘g]l ’pﬁhec%dqtild)é} SEGEPT 1 r%’é%re?%ﬁeperejference

f _r am:"ﬁar&en Etlheig h:.lr{cdod-%)& J orﬁ'hvee iqffesi:ee%rt%%al Qrcédt%rl rf}‘z‘et\,xrecm
first ~or second exanple, searches are nade for notion

vect ofse ok Wi Ry daspects te dhe defifs %f&%qifﬂr?a% RQtion

and Fl, and a re-search is nade for "a notion vector
W th yasRact] it aind hend efrenc e dddie dHrailk DeRei@de result
in avideo picture, the correlation between franes

t hat & eetRmatally o Aaereh fOthey FHES ist LeRGda
the basis 15 of this property, the prediction

ef fi dirdrcynatans b pogeidied thy relt@ionitdhg @oodion; overhead

vector with respect to the reference frane Fl

t enpdrat l9pdd] osdsitont yedier .ref erence frame F2 with

hi gher precision in the third notion vector search.

20 FI G 34 gitwscta itmaske visdt diheemsddiony viesttissd 13 obtained
according to the enbodi nent of the present invention.

In fiS5frie RIS Ten SRt 19TV iVEES ot drfe 1 0FI2 dS0WE &y gppge of

*1, i.e., with a coarse precision of 1/2. Only a
re-search 1s made for the motion vector 13 with full
precision. In this case, the motion vector with
respect to the re-searched reference frame F0O is scaled
te 1/2. This makes it possible to uniquely reconstruct
the motion vector 11 with respect to the reference
frame Fl1 regardless of the re-search result. There-
fore, only the motion vector with respect to the
reference frame FO may be encoded. In a decoding
operation, the motion vector 11 with respect to the
reference frame Fl can be obtained by scaling the
received motion vector to 1/2.

FIG. 33 shows the third motion vector search
method. In this motion vector search method, a current
frame is predicted by using two consecutive frames as
reference frames, as in the method shown in FIG. 31, as

shown in FIG. 6. One representative motion vector is



encoded i medi ately before the frame F2, 30 and 31
show macrobl ocks to be encoded respectively. 32 and
33 show 25 macrobl ocks | ocated at the sane positions
as those of the macroblocks 30 and 31 in the frane
FI. 34 and 35 al so show to-be-encoded noti on vectors
of the 75 macrobl ocks 30 and 31,74and 36 and 37 are
encoded notion vectors of the nmacrobl ocks 32 and 33.
In this enbodinent, if a to-be-encoded nption vector

I's ideptigal tg, oﬁgtkggr¥§g£9£t£9% Ao PRghoblogk,. 2,41,

the saneé positron I nred y precedi ng vi deo

franedlk@srgﬁkagm VEELOF LSeNOh -s85Qdedy . ppd, %le& FIG. 33,

i ndi cati ng he notion vector 1s identical tTo that

for therpRerebl 9Gknal Fhedsage:pOsi 18801 Arih€; and FO and
i mredi ately preceding video frane is encoded as a 10

predi gt opefBdencel rthRe 8D i RArYLELOE homBPLL T Hendékdtes a
to that for the macroblock at the sane position in'the

- 51 mediyatebympeecelboy; vageolty ane, 1he andi 08, vestor
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information is encoded. In the nethod shown in FIG

34, thefaptnhoa mectob$o84d amadB3Gatbes idebbécabferdidee
Therefore, the notion vector 34 is not encoded. In

addi t Ebanesince the notion vector 35 differs fromthe

notion vector 37, the notion vector 35 is encoded. ,
Encodi ng nb®i 8RevERLb6fsPh1PReVaBBOE. SAARARr 2Fedlickle Tirst
t he redundancg of notion vectors with respect 20 to

Sti115pi EPGPRAOP aTDIEr FEERFRER PERCBAAC | EpOPaTigP vectors

UL O ELEOY SRS 208 PBICe, PRILATET 8y Llory SUCPUTS ana o

enCOdkggsearch is made for a moticn vector with respect to
.the reference frame F1. In general, in a video
picture, the correlation between frames that are
temporally close to each other is strong. On the basis
of this property, the prediction efficiency can be
improved by obtaining a motion vector with respect to
the reference frame ¥l temporally closest to the
reference frame F2 with higher precision in the third
motion vector search.

‘FIG. 34 shows a motion vector encoding method

according to the embodiment of the present invention.
In figure, F2 shows a video frame, F1 shows a frame
encoded immediately before the frame F2, 30 and 31 show
macroblocks to be encoded respectively. 32 and 33 show
macroblocks located at the same positions as those of
‘the macroblocks 30 and 31 in the frame F1. 34 and 35

also show to-be-encoded motion vectors of the



met hod accordi ng to-the enbodi nent of the present 25
invention. In the nethod shown in FIG 35, as in the

met hod shown in FIG 34, if a notion vector for a
macrobl ock at the sane position in the inmediately 76
preceding video frane is identical to a notion vector

for a video macrobl ock, the noti®f vector is not

encoded. \Wether notion vectors are identical to each

ot her is determ ned dependi ng on whether their noving

5 angles a [ i.cal . Referring to Fl 35, a notiqgn :
conpeﬁ@&efpfaﬁo&?ad GuPeit L perror o™ £ FokpBefoigd motion
nacroblo ks 40 ra by setting

o P RRearaePy phecBAFRgPIPHSS Prandtrdas

reference % %gﬁta%%bgﬁHﬁggléc% 4EV%%t$ﬁ eﬁéoégg 43tion

Wth respec macr o

pos'tbggte§ Egaadgptgggl 9805085995 49ehEthfo¥'geﬁacroblock

frame preceding a franme F1, a notion

5Conpeﬁ§a%h@nseﬁ%deEhQQon'§np€ﬁgoﬂﬂﬁgd@¥t§@gtbPQcédln% video
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frame FO two franmes back with respect to the frane

as a rekReeneBef fafBoANded8bRgislhod BBELOAdYEEhAr a46lag
Al t hough the notion vectors 46 and 44 exhibit the

sanme angheattihg shze ohethethohi obBcteet 0 A8ehsitwmiceo that
that of the notion vector 44. Therefore, the notion

vect ofo#4tbanmberpbtonkt atictbd bymscrbshgitheinmpthen

20 vector 46 in accordance with the inter-frane

di st ahpeedipbelyhpsecedsnd, videonbrina yecedeodqadjas a

not encoded, and predlctlon node i nformation
|nd|cEFPﬁ§CElﬁﬁd@06F usfngha WBFF@H veetor idrneheldentical

i | | r n fr
mred; ate gtpfggegkegmacrgg?oci

at the same position in the
immediately preceding video frame, the motion vector
information is encoded. In the method shown in
FIG. 34, the motion vectors 34 and 36 are identical.
Therefore, the motion vector 34 is not encoded. In
addition, since the motion vector 35 differs from the
rmotion vector 37, the motion vector 35 is encoded.

Encoding motion vectors in the above manner
reduces the redundancy of motion vectors with respect
to a still picture or a picture which makes a
temporally uniform movement and hence can improve the
encoding efficiency.

FIG. 35 shows another motion vector encoding
method according to the embodiment of the present
invention. In the method shown in FIG. 35, as in the

methed shown in FIG. 34, if a motion vector for a

macroblock at the same position in the immediately
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25 The notion vector 45 of the macrobl ock 41 exhibits
the sanme angle as a notion vector 47 of the macrobl ock
43 at the sane position in the preceding frame, and 77
hence the notion vector 45 is not encoded as in the
case of the macrobl ock 40. A macrobl ock for which a
motion vector is not encoded as 45 the above case is
subj ected to notion conpensation predictive
inter-frane 5 encodi ng and decodi ng by using the

moti on vector obtained by scaling the notion vector
at t herSaReLNPo%i ¢ednt ¥ #u¢ hes p%fé%%m@l Vi@led eakeR i rector
accordance with the inter-frame di stance between the

vi deofPF afreV149Ra FReTPRIRFENCERE rARBICNOVET T 36° 10k

br odi SEF9R-BncolFREMBF BA1 ekt ROl et [ gLogptical to each
SR LT REERLALD L e S RO 1 B moving
ﬁ%g?g%?g?ﬁge%gée§d§P¥£§§gngr %ﬁf%% n?égacroﬁfocks

that Bays.ALheagdy pP@&Dc@D@:QdEQ p@f‘goﬁ@ed let@npeggect to
reference franmes, one or a plurality of which are

sel echedraptosub] 86t odat o1 L ONi CEIPERSAS | BN by setting an
predi ctive encoding for each nacroblock. Wth respect

t 0 t hemfeet @bk 0¢kpreced 20q pvedéct £ oame SFpes s of nesiference
based on a notion vector 50 by wusing the frame Fl1 as

a ref EranceafdaneinWidt iespeettotrs 4heamaictdobl dekeh Byespect
C, and E, predictions are perfornmed based on notion

vect ot8 &1maspobhndk 562 byt GRe ngamher® s bbben s tHat of the
and FO as reference franmes, .25 respectively. The

macr OBRGERODOFE HP et cEled BydeRi hgpme F2 immediately

preceding a frame Fl, a motion compensation prediction

motion

is performed by setting a frame FO two frames back with
respect to the frame F2 as a reference frame and using
a motion vector 46.

Although the motion vectors 46 and 44 exhibit the
same angle, the size of the motion vector 46 is twice
that of the motion vector 44. Therefore, the motion
vector 44 can be reconstructed by scaling the motion
vector 46 in accordance with the inter-frame distance.
For this reascon, the motion vector 44 is not encoded,
and prediction mode information indicating a mode of
using a motion vector for the immediately preceding
frame is set.

The motion vector 45 of the macroblock 41 exhibits
_the same angle as a motion vector 47 of the macroblock

43 at the same position in the preceding frame, and



the reference franes FI and F2. Wen the notion vector
50 of the nmacroblock Ais to be encoded, a prediction

78 vector is selected fromthe notion vectors of the

adj acent macroblocks B, C, D, and E, and the
differential vector between the prediction vector and
the notion vector 50 is encoded. A prediction vector
is determ ned by, for exanple, a nmethod of selecting

a notion vector corresponding to the nedian val ue of
the notion vectors of the adjacent nmacroblocks B, C
and Ehepcg KBEhBETOPNSBEEEPENGY 48 HOLprBEPEefopas in the
vector, the notion vector of ogne of the 19 agj cent_ .
macr OBREEKS BN, MBEERRACERWAPCh BxRRBFPEIaCknT AF ntifi-ch @

resi dual .error signal. Agsune t.hat the di fergnce ,
bot weBALIAB SEEAPL LonmOLoEPoPoBHAEhePbEFoRDYEE: 675e 1S
f th - be- ded, . bl ock . .
Cot or SeaerEafn ERa0P R SRS Re R ke e R RO efa tifiecinpRE Trame
di ot ‘ .  ect e Lt
5Pt or SRcaHE aRR, BB RI R’ 5O uEhRTLAE LB, DEctox

enCOngtgﬁﬂgdabg P81 PREILALT ABCEEROYectbgNatSthe Bene
encode ecomre 0. In this case, the macroblock is

skippggsmk&Bﬁuanb@hegpee@@aeﬁg Theed0sraMBbeR BEcordance
macr obl ock5 consecutively skipped is encoded as

headetyi tAf enBat heBrofram¥i deetaneeobkonkehothe video frame
encoded next w thout being skipped. Assune that a
predi ahdonhheeetberéncet ieamacr obl ock A becones the
nmoti on vector 52 of the nacroblock C. In this case, 25
10t he macr obFd€k A6cdisnei déswwiftl thelmraciobl Bekrebitack

terms of reference frame, and the notion vector SO . _
skipping and predictive encoding of an index indicating

a reference frame accbrding to the embodiment of the
present invention. Referring to FIG. 36, reference
symbol F3 denotes a video frame; A, a video macroblock;

15 B, ¢, D, and E, adjacent macroblocks that have already
been encoded; and F0, Fl, and F2, reference frames, one
or a plurality of which are selected and subjected to
motion compensation predictive encoding for each
macroblock. With respect to the macroblock A, a

20 prediction is performed based on a motion vector 50 by
using the frame Fl1 as a reference frame. With respect
to the macroblocks B, C, and E, predictions are
performed based on motion vectors 51, 52, and 55 by
using the frames F2, Fl, and F0 as reference frames,

25 respectively. The macroblock D is predicted by using
the reference frames F1 and F2. When the motion vector

50 of the macroblock A is to be encoded, a prediction



coincides wth the notion vector 52. If all the 79
prediction error- signals of the macrobl ock A are O,
the macroblock is skipped w thout being encoded. At
the tinme of decoding, a prediction vector is selected
by the sanme nethod as that used at the tine of
encoding, .5 and a prediction pirggure i s generated by
using the reference frame of the macrobl ock for which
the prediction vector is selected. The generated
predi ction pictur ecoded picture of the skipped
mcr OBFELRET 46 FFIBHECHr TENS EB%v%O O oBFGER SKP ppF RG
condi ti.ons Ls not figd, d en I ctor
betme@ﬁj?ﬁsn predr E? Evegto and %%ée%bt%%ﬁ Eégtor

of th81¥kg%8nt§§ %985 ?%ESeQ egdi gt} gdfe£95n8bgeegr and

and an I Ng e re erence 1rane

encod t exni ndi the reference
fr aneﬁg?hggtgéPfggg%??aﬁovggugﬁﬁggggen the reference

sframe index ﬁEedQEtégha%@BEoﬂaﬁEogéﬁékmﬁﬁédmﬁyGhf@r example,
prediction vector is selected and the reference frane

i ndexaohethedvbdegel radeniSacncbiled. va@dtdhenot hesponding to
nmoti on vector 52 of the macroblock Cis selected as
t he ptedi ntdoanveeloe of the matiobl vektdrsasfi hheéhadjacent
above case, the differential vector between the :

- not i omagecbbockd BpdCt hendoli on ®es¢ohrod20fndeiheting, as a
prediction error signal of the macroblock A are 25
encodededArtépnavieepy, foe @Rﬁhﬁmeve¢h0éc@6r@ﬁﬁc@f the
wth the table shown in FIG 23, a reference frang

10expre§§éacﬁ9taﬁaFﬁ9@%oFEﬁd%fnﬁnb%r)anﬁx%lWhéF%n?FQFblts a

minimum residual error signal.

Assume that the difference between the prediction
vector and the motion vector of the to-be-encoded
macroblock becomes 0, the reference frame having the
. 15 macroblock for which the prediction vector is selected

coincides with the reference frame having the video
macrobleck to be encoded, and all the prediction error
signals to be encoded become 0. In this case, the
macroblock is skipped without being encoded. The
20 number of macroblocks consecutively skipped is encoded
as header information of a video macroblock to be
encoded next without being skipped. Assume that a
prediction vector for the macroblock A becomes the
" motion vector 52 of the macroblock C. In this case,
25 the macroblock A coincides with the macroblock C in
terms of reference frame, and the motion wvector 50

coincides with the motion vector 52. If all the




80 val ue between the index 2 indicating a reference
frame
index 2 of the macroblock A, i.e., 0, is encoded as a
reference frane index differential value. 5 FIG 37
shows anot her notion vector encoding nethod according
to the enbodi ment of the present;qinvention. Referring
to FIG 37, a frane F2 is a V|deo .frane to be
encoded, which is a B picture for which a nDtion
conpensation prediction is ferforned from1
tenpo?éﬁﬁycﬁéPacéﬁFOFréhéga

macrobl ock 61 in the fra a framg F3 is ysed

r ef er BAEECP}ARE f-érSIélBBnE %Ih‘bll“éd}?%’t?%ne“%‘ﬁ% ‘g f?zg?rgthe
F1 is_used as,a rgference fr

pr edi E£FBn° Tﬂ%?@

for the nacroblock C two franes back and the

%v@% ?%%p@%@r@%l%pk A are 0, the

or a

on¢ SFe, SrerrilELlRh PelEREOES setected by
B ELREeptDRohr 877 2, Sagncagen,or dRgodechcding,

for a war d predicti on

sthe vihgo, MBELARLACK, Os oy PBCL O ks B0eq 3y L RE1 58 Ehe

pOSItIOﬂ as

fr arrermkeltz@ec@eéfngeafdthéfmgcf@&i@@k C@&Peﬁﬁﬁcﬁo’c}ﬁé on
predi ction based on the I'inear sumof the franes

and Fl-bgidsedn tBELAPtiONs¥EEEPEQ(62THA @@ﬁef;we@e)

t he macrobl ock 60 corresponding to the reference
framepfrdaietienf pivendepiedi ciéondédrptbeuréded the skipped
macrobl ock 61 is scaled in accordance with the 25

i nt ermficao®ldcit ance, and the resultant vector is used

as a vector for forward and backward predictions for

eo mac In t

10t he Vldeo fEcrobl oéktBe. aBeve macroblock skipping conditions
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is not satisfied, the differential vector between the
prediction vector and the motion vector of the video

macroblock, the prediction error signal, and an index

indicating the reference frame are encoded.

As the index indicating the reference frame, the
differential value between the reference frame index Qf
an adjacent macroblock for which a prediction vector is
selected and the reference frame index of the video
frame is encoded. |

When the motion vector 52 of the macroblock C is

selected as the prediction vector of the macroblock A

as in the above case, the differential vector between
the motion vector 50 and the motion vector 52 and the
prediction error signal of the macroblock A are
encoded. Alternatively, for example, in accordance
with the table shown in FIG. 23, a reference frame is

expressed by an index (Code number). A differential



Letting R be the inter-frame distance fromthe frane

FI to the frane F2, and R2 be the inter-frane

di stance fromthe frame F2 to the frane F3, the notion
vector obtained by nultiplying the notion vector 62 by

5 RlI/(RlL + R2) becones-a notion vector 64 for a

forward prediction for the macrgbl ock 61. The notion
vector obtained by multiplying e notion vector 62

by -R2/ (R + R2) becones a notion vector 65 for a

backward prediction for the macrobl ock 61. 10 Wth
respeteles bﬁéweﬁﬂeéhﬁaé$@%¥o%kl%dlcﬁhénab@véefﬁﬁ?m%% frame

vector information is not encoded, and only a
i ndi cBPF nhENBaGHBRECHK el EYP of” ABEE, PRCE. an@hEhe “Pndex 2 of

executj on of i-directional predictio y
vect ofl %c%??ﬁé???g Keficoted:* 1% | h3 e88%€%$ ng° &' Plrerence

h d f Th
oPCTShigh LNSCLaECERehesdecadely [ 7st- The i on
f F3 d h .
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vectors ?ormar and backward predictions

”acropﬁ9§ﬁt§9nareRe?@fEﬂﬁétﬁg Bygscahing then8ot» 0l a video
vector of a macroblock at the sane p03|t|on in the

franesFamet herebyenpeaéQy Mmngci 1 i segtposahre for which a

predictive decoding. 25 FIG 38 shows anot her exanple

of t heotbbn dcomseneatl oprededt ¢ ohos hbenpenf&hiGed 37rom

Referring to FIG 38, a franme FOis a reference frane
10for at&fpdoabbydapsedenti bHrafies. a Witeoraspeobl beka 71

of a video _
macroblock 61 in the frame F2, a frame F3 is used as a

reference frame for a backward prediction, and a frame
Fl is used as a reference frame for a forward
prediction. Therefore, the frame F3 is encoded or

15 | decoded before the-frame F2 is encoded or decoded.

In the reference frame f£3 for a backward

prediction for the video macrcblock 61, a macroblock 60
at the same position as that of the video macroblock 61
in the frame will be considered. If a motion compensa-

20 tion prediction based on the linear sum of the frames
FO and Fl1 is used,rthe motion vector (62 in the figure)
of the macroblock 60 ceorresponding to the reference
frame Fl1 for a forward prediction for the video
macroblock 61 is scaled in accordance with the

25 inter—-frame distance, and the resultant vector is used
as a vector for forward and backward predictions forx

the wvideo macroblock 6l.
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frame F2, and the other arrangenents are the sanme as

those in FIG 37. In this case, forward and backward
notion vectors for the video macroblock 71 are

obtai ned 5 by scaling a notion vector 73 of a :
macrobl ock 70 with respect to a frame F3, which is

| ocated at the same position as g¢phat of the video
macrobl ock 71, to the frame FO in accordance with the
inter-franme distance. Letting R be the inter-frane

di stance fr he fra FOto the frame F2, R2 be

t he inter-fﬁ%%%ln%i%?é%%egﬁ?oh?¥ﬁﬁ"§F%ﬁﬁ f3stgngpefrom the

frame t inter-fra istance fromthe

frame ﬂ;%al%%r@hg's? ?Lg]nee St \/%Ib‘:ﬁrg}?‘got%? arpedipyer-frame

mul ti Rdiyd [ or by, .Rl / IS ,
formard:ﬁggr%ﬂegggﬁggﬂ$i%$%%el ﬁﬁ% Yide rﬁ%%rg%ioE@e motion

71. TheMest Hdribtal t. i the,_ nption
vector 73 by - m/%?g%a%bla‘i%l rlgl%ot{}?%nm%%%r"@/%tof 62 by

Sfor tira Mirdes magr gl Qtte s/l nddirdl KR, for 5 forward
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predi ctive encodi ng and decodi ng of the vide

macr olphreck cili car & qrerdher MRd dp 1N G 1t.he e i35 20 vector
vectors 74 and 75. In the nethods shown in FIGS. 3

and 38btianngd bef ewdndelfyriane ther m hagkwaldtor 62

prediction for a bi-directional prediction video

macr oBYocR2YdRBe + BAdobbedome smac motiliock vatcHdie @AMy 4

positkon as that of 25 the video macroblock in the

frameC@Ckhage esrgigéion. Towhshet hiasnvidoatd Gok uses a

pIuraIityn%ﬁ orward reference franes, forward and

backwar d” mdtitdn FFEEEGTs t83 ther Vilkle ovimger oderdbl ek the - above
a,.notion vector with respect

?get%@ng%@egggépgﬁg%%gggﬁglon 15 not encoded, and only a
- flag indicating the above prediction mode, i.e., the
execution of a bi~directional prediction by motion

vector scaling, is encoded.

In a decoding operation, the frame F3 is decoded
firsf. The motion vectors of the respective
macroblocks of the decoded frame F3 are temporarily
stored. 1In the frame F2, with respect to the
macroblock for which the flag indicating the above
prediction mode is set, motion vectors for forward
and backward predictions at the macroblock 60 are
calculated by scaling the motion vector of a macroblock
at the same position in the frame ¥3, thereby
performing bi-directional predictive decoding.

FIG. 38 shows another examplé of the

bi-directional prediction shown in FIG. 37. Referring

to FIG. 38, a frame FO is a reference frame for a



as the forward reference frame for the bi-directiona
prediction video macrobl ock, 5 As described above,
generation of notion vectors by scaling in the above
manner can reduce the encoding overhead for the
notion vectors and inprove the encoding efficiency.
In addition, if there are a plurglity of notion
vectors on which scaling is based, 10 the prediction
efficiency can be inproved by selecting notion

vect or xhi bi ting. coi ncidence in terns of forward .
ref er e%%:rgwafl?é; 2\ %%%?iﬂ%rt%e‘md%i%a?m%ocktn of a video

i ] i gh-ef ficiency encoding. FIG 39
ggg\?\;béarﬁagﬁgeﬁﬁf’ﬁe Iﬁcgdg\#egrotﬁ'heerl BLha _%efl?eérbqi o the same as

i Gl : [ | GS... 37 .and_38. eferrin
IICZ)Ir (eidl g%%ﬁabsflﬁgne I3%;_}3: SSIvrf }eholasf rAe t oﬁ%wa%#lfgﬁig?a(:kwar d
and a ndidesm RRCHAOCK, 81 O N5 LNGOC Brlgon%]pr gla%eegobtained

by a bi-directional prediction using a

sbackwand sceflanance ddams and @ f rane, £2, ki ock 70 with
forward reference frane. A nacroblopk.80 In the Trane ,
F4 whirefsdes:tl aeateed raind e, 53 Posid i10ASd hat 19 same
the video macroblock 81 is predicted by the |inear

sum ofeostiwd chorawartthaftr arfes HeOvar@ oFima dridH1RR BN o the
shown in FIG 39, therefore, the sane forward .
r ef er éFé@ef FnE N &c2% nden ags ed thort hishd ntrer-ahlaoek BQtance.
and the video macroblock 81, unlike the methods shown

in FIGS. 37edidmsBRY b tihe dader—<rmotd ofistecicer fwidnh the
respectto one 84 of the forward reference frames FO

10and FETPBE £He tomkdropiraER 86 whiche §heerpdeatifyame

cl oser,. t he formarg_ reference frane F2 for the
videodﬁég?gﬁﬁogﬁoglt § frame F3 to the frame F2, and R3 be

the inter-frame distance from the frame FO to the frame
F3, the vector obtained by multiplying the motion

vector 73 by R1/R3 is a forward motion vector 74 for

15 the video macroblock 71. The vector obtained by

multiplying the motion vector 73 by -R2/R3 is a
backward motion vector 75 for the video macroblock 71.
Bi-directional predictive encoding and decoding of the

video macroblock 71 are performed by using the motion

20 vectors 74 and 75.

In the methods shown in FIGS. 37 and 38, in a
reference frame for a backward prediction for a
bi-directional prediction video macroblock to be

encoded, a macroblock at the same positicn as that of

25 the video macroblock in the frame will be considered.

When this macroblock uses a plurality of forward

reference frames, forward and backward motion vectors



scaled in accordance with the inter-frane di stance. 5
Wth this operation, forward and backward vectors for
the video nmacrobl ock 81 are generated. Letting Rl be
the inter-frane distance fromthe frane F2 to the
frame F3, R2 be the inter-frane distance fromthe
frame F4 to the frame F3, and R33be the inter-frane
di stance from 10 the frane FI to the frame F4, a
forward notion vector 84 for the video nacroblock 81

|5 ODtened bl 1dny LisRlG, & ML oselar: 98, ofdhe.

macr obl ock 80 wth respect to rane

A backwaridn RRIRY VAGHOr
nacrobloékn81 is 15 obtafé%%{%ﬁrﬁwﬁ¥{ f%%ft S %ﬂ¥m£ frame

vect Ok s82nkYy FolfaR3 rele ot dec MRS %ro%esloﬂ—%lrectlonal

bi -directionally predicted by using the notion

vect opg e84 candn8y iekicamied-dylodgcal i ng. As descri bed
above, generation of notion vectors 20 by scaling in

5t he above Renmiersardbadedieerd heyanaodiingn ©veidigash th&tors
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noti on vectors and inprove the encoding efficiency.

I n ad8ivt sealing thefté&eardoxepimamalart yaof remtdeorthe encoding
vectors on which scaling is based, and there are no

ot | 0AVEEBESEs fexhithet mag icoi meicderse and tiswrevef (25
forward reference frame, a notion vector corresponding

to a ?EF@?éH@eeﬁﬁéﬁéepéﬁporépl@d@P$§@§t td ttherforwsr @

reference ﬁ % %Ee vi deo macrobl ock i s sel ected
85 and~8tar&dY ?ﬁl@o REBs VPELRESs Ph ¥hiEh SsPddedt he based,

encodt g, DErG 00T e st SR Eaf eoopt HEPGPd8s BV selecting

encodﬁBBlon vectors exhibiting coincidence in terms of
forward reference frame and scaling them. This makes
it possible to realize high-efficiency encoding.

FIG. 392 shows another method for the
bi-directional predictions shown in FIGS. 37 and 38.
Referring to FIG. 39, a frame F3 is a video frame to be
encoded, and a video macroblock 81 to be encoded is
predicted by a bi—diréctional prediction using a frame
F4 as a backward reference frame and a frame F2 as a
forward reference frame. A macroblock 80 in the frame
¥4 which is located at the same position as that of the
.video macroblock 81 is‘predicted by the linear sum of
two forward frames FO and F1. In the method shown in
FIG. 39, therefore, the same forward reference frame is
not used for the macroblock 80 and the video macroblock
81, unlike the methods shown in FIGS. 37 and 3§.

In this case, a moticn vector with respect to one



5 nmethod according to the enbodi nent of the present
invention. FIG 41 is a view for explaining a

wei ghting prediction according to the enbodi ment of
the present invention. A weighting prediction
according to the enbodinment will be described with
reference to 10 FIG 41. A weighgsfactor determ nation
method will then be described with reference to FIG
40. Referring to FIG 41, reference synbols FO Fl

2. 24 ERCnglatemoah o S T g

I'S a Vi ramne
15 F a f re f A the VI
franghag%o€?ee %8 gﬁé%@ g p?%e bloc gﬁEaﬁorward

in tBSf&k@ﬁeef FE%EH%J%Q %8&» Lhe le%lésné’cr%bl%%q( L g

ref erence pi xel k signals w th notion conpensati on

20 argc@@@@f@thch@Hth@ {haresnll 1 nfFQr-89d B2 qi stance.
respec- tively. Wth respect to these reference pixe

5bl ockwishgonlis, opepredbat i @Brphxel abLHOGK ~Shanal v'e%tors for
generated by nultiplications of weight factors and

addi t fboa vid®C mattselovdl aesartheedif-herance thettweRNr1 be
the prediction 25 pixel block signal and the

t o- bethﬁcb@éarpfxemebﬁoskansegﬁabml$heaﬁmahated taNdhe frame
the differential signal is encoded, together with the

i dent¥$i cBtilen Fhﬁo%hﬁﬁroﬁrgﬁeoﬁlﬁhenceféremcehbrémame F4 to

and nDtlon vector information. Wth respect to the
bl ock 5 +E#Bfehrie %P%c%3sbﬁn5h§ WhERrmstrppR distance from

o conmpensatjon ar respecti enerated fromthe
0 anpd® o%%?fPFF 1 tAOp‘E%%uﬁf'? % B4pi RefCBrBER BP§ASR Wector

ener§§eﬂapytﬁgdv9§eg &ghggbfock 81 is obtained by

multiplying a motion vector 82 of the macroblock 80
with respect to the frame F1 by R1/R3. A backward
motion vector 85 for the to-be-encoded macroblock 81 is
15 obtained by multiplying the motion vector 82 by -R2/R3.
The video macroblock 81 is bi-directionally predicted
by using the motion vectors 84 and 85 obtainéd by
scaling.

As described above,:generation ¢f motion vectors
20 by scaling in the above manner can reduce the encoding
overhead the motion vectors and improve the encoding
efficiency. In addifion, if there are a plurality of
motion vectors on which scaling is based, and there are
no motion vectors exhibiting coincidence in terms of
25 forward reference frame, a motion vector corresponding
to a reference frame temporally closest to the forward

reference frame for the video macroblock is selected



value to the |inear conbination of the reference

pi xel bl ocks. The difference signal between the

t o- be- encoded pi xel bl ock signal and the prediction

pi xel block signal is encoded, together with the 10
identification information of the reference franes and
notion vector information. On thesother hand, in a
decodi ng operation, the identification information of
the reference franes and notion vector information
are d d e a fere Lxel .bl ack
signaﬁgga%gaégﬁéra?gé%o#gte% %gagﬁgsﬁgﬁf%é§%:fﬂﬁﬁﬂﬁ?(ﬁhe
decod [ IRt .61 et i i.xekh :blo i I
e generarea by SRR raen Ot R A R O ey
fact oescaddngaddi tion of a DC offset value with

respect to the 20 generated reference pixel block

signals. Thamnaedad =dififer emeetSicnaind S 1486PA8thoding
and the decoded differential signal is added to the

Spr edi meithndpexebrdihgck ositpraknbeddeeede oifthene ¢e@sent
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picture. Prediction pixel block signals are generated

in 25ngpoddpng afRdGdedddiisgaoperat ifoms eltplith@ing a
followi ng calculation. Letting predA be a prediction

si gnavefightinneprpefértbbockcaprdadar ébi lthebembodiment of the
reference pi xel 87 block signal extracted fromthe _

f r anePFPSePhe 18VERAR Opr eBAVES JBERRYI RIFEdigas ibDl Rewording to
predA=wW | Jref[,1] +d[ 1] .(42 where WI] is a weight

facto ﬂ%o%mPﬂbl%spgréﬁ&é PxEFSSsThPeek "14Rd T EFeps e to

DC of t | ue,, These values are, encoded as header

dat a %gg’eggh vﬁdSSlEﬁS a8§O§I98§eFWlnaglon method will

then be described with reference to FIG. 40.

Referring to FIG. 41, reference symbols F0O, F1,
F2, and F3 denote temporally consecutive frames. .The
frame F3 is a video frame to be encoded. The frames
FO, Fl1, and F2 are reference frames for the video
frame F3.

0f to-be-encoded pixel blocks A, B, C, and D in
the video frame F3, for the blocks A, B, and C,
reference pixel block signals with motion compensation
are generated from the frames F1, FO, and F2, respéc-
tively. With respect to these reference pixel block
signals, a prediction pixel block signal is generated
by multiplications of weight factors and addition of DC
offset values. The difference between the prediction
pixel block signal and the to-be-encoded pixel block
signal is calculated, and the differential signal is

encoded, together with the identification information




a coefficient table. Wight factors and DC of f set

val ues are separately determned for a plurality of
reference franmes corresponding to each video frame. 10
For exanple, with respect to the pixel block Bin

FIG 41, since a reference pixel block ref[0] is
extracted fromthe frame FO a peediction signal predB
is given by the follow ng equation: predB = W 0]

red[o] + d[0] (43) 15 Wth respect to the pixel block

: lexel I d.f h ,
s anepFERge Reielnch 35 kel Bnt HEAGLE] A 1B roration.

franes FO an respectively. ese refer
bl ocks ar eyl tigly _ i ght, factor
of fset val ués are k§§§e3¥}§§¥%2ﬂﬁ¥%§&gt??E#%%Hg% block

I H . . d t
resul aphaskgnaks ﬁtb%lbheﬁoﬁ eﬁ\é%&t{a%]% ab@ Qg]'ggﬁfétmtglv%zy

predi ction signal predD pre ref|

ref[lhemetdi®h trdhl knk ¥rhmés(44) anknrihi Sa prediction
enbodi nent, a weight factor and DC offset value are

S5det erpired bovckashghefietengenki-amed byt BdSin@RRNGE. offset
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25 A nethod of determ ning the above wei ght factors

and DCadf:esed tvhkuésniaranombdoditignopdér dhikOfe ference
according to-this enbodiment will be' described wth
ref erehselt blggkrl G The. dffiéemenhedsobndét betiveengthe
weight factors and DC offset values will be described
with Ferbeepeecesd phiet| bhoekartiopplFrad 4be mssdiictigon
that the inier-frane grediction rel ati onship shown in
FIG B1*PL Blagknbashay, 17, 8nCoPRE. f Farsthsri wikhyibeo
franeidgH .fghetfranes 50 EL, an% Eﬁ are reference
franes: FORECt 3t HPECRNATBe 0P sEPevAPEBEeRFE frames and
regaﬁ@ggion vector information.

On the other hand, ih a decoding operation, the
identification information of the reference frames and
motion vecter information are decoded. The above
reference pixel block signals are generated on the
basis of these pieces of decoded information. 2
prediction pixel block Signal is generated by
performing multiplications of weight factors and
addition of a DC offset value with respect to the
generated reference pixel block signals. The encoded
difference signal is decoded, and the decoded
differential signal is added to the prediction pixel
block signal to decode the video picture.

Prediction pixel block signhals are generated in
encoding and decoding operations by the following

calculation. Letting predA be a prediction signal for

the pixel block A, and ref(l] be a reference pixel



as i ndependent values wth respect to a plurality of
reference franes, and weight factor/DC offset data 10
table data is encoded for each video frane or slice.
For exanple, with respect to the video frane F3 in
FIG 41, weight factors and DC offset values (wWO0],
d[01), (w11, d[1]), and (W 23, df2]) corresponding to
the frames FO, Fl, and F2 are encoded. These val ues 15
may be changed for each slice in the video frane.

Fi rst

foall, | DC t,
Tt ondiPyh 66BN e 08 tH0 AEOR BECediptiterd VG nal
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hereiEg%%ggégo%aekﬁﬁég%gl%%ﬁféqéthe,entire

W5 L. .
t 0- beénco I ane ach"Sl'ice in the frame

is 20 calc$hﬁg ggﬁa]ﬂqghqﬁécgﬁgap SI0). F3(x, vy) (42)

DCcur = x' where X, y) is a pixel value at

a_coordicaat ¢ 1903kt LODeh Xty FalR theoh! ¥R FRr AN pixel
is the nunber of 25 pixel's in the frame or a slice.

The AGieemponert 4[Nt eRsikt yo( be rhet ohanked 19 A% dives are
AC conponent val ue 89 hereinafter) of the entire video

franeehdodedeaghhebidee diamat Herf cam® WS dkbe¥Frame or slice in
calculated by the following equation (step S11):
>JF3( », cyppfLfibCeunt| taBl€eur Weixhy Fat®ors and DC offset
values are separately determined for a plurality of
reference frames corresponding to each video frame.
For example, with respect to the pixel block B in
FIG. 41, since a reference pixel block ref[0] is
extracted from the frame FO, a prediction signal predB
is given by the following equation:
predB = wil] ¢ red] + d[(] {43)
With respect to the pixel block D, reference pixel
blocks are extracted from the frames F0 and F1,
respectively. These reference pixel blocks are
multiplied by weight factors, and DC offset wvalues are
added to the products. The resultant signals are then
averaged to generate a prediction signal predD
predD = {w[0] ® ref[0] + w[1] » ref[l] + (A[0] + d[11)}/2 (44)
In this embodimenf, a weight factor and DC offset
value are determined for each reference frame in this
manner.
A method of determining the above weight factors
and DC cffset values in an encoding operation according

to this embodiment will be described with reference to



N (46) In neasurenent of an AC conponent value, a
standard deviation |ike the one described bel ow may be
used. In this case, the conmputation anmount in
obt ai ni ng an AC conponent val ue increases. (F3 (x, vy)
- DCcur)2 X y ACcur = 15 20 N (47) As is obvious
froma conpari son between equatieas (46) and (47),

t he AC conponent val ue neasuring nmethod based on
equation (46,) is effective in reducing the

COﬂDU%%bIOQOaﬁD%?} H%t%%%a'%'%gﬁ legl% %Q%%& %%d%ors and

Letting "ref-idx e an 1 ndex i |cat In erence

fra”ED@U@Q%%etav@@u%%”ﬁﬁqqn%ev@E%%réggﬁe%ké -fé?gréﬁ ce to

the (ref idx)-th reference frane an component

val ue tAer efilohf cndbeh are raal.cubat adsuaGeQr 4ihig 49 e
equations (45) and (46) (steps S13 and "S14). On the

basi s iafetth€rabev e realictliathi eo16€SWhhid @@o%f set F1G. 41 is
value d[ref idx] with (ref idx)-th reference frane

5respeshihdatihed,s idet.er mhred rasic2%3diikf er eficecbeween and
DC conmponents as follows d[ref idx] = DCcur -
E[)efphgffrdmps FO, Fl1, and F2 are reference frames.
Weight factors and DC offset values are regarded_
as independent values with respect to a plurality of

reference frames, and weight factor/DC offset data

10 . table data is encoded for each video frame or slice.

For example, with respect to the video frame F3 in
FIG. 41, weight factors and DC offset values (w[0],
daf{o0]}), {will]l, dfl]), and {(w([2], d[2]) corresponding to

the frames FC0, Fl, and F2 are encoded. These values

15 may be changed for each slice in the video frame.

First of all,'an average value DCcur (a DC
component intensity to be referred to as a DC component
value hereinafter) of pixel values in the entire

to-be-encoded frame F3 or in each slice in the frame is

20 calculated as follows {step S10).

> F3(x, y)

DCcur = ¥ (45)

N

where F3(x, y) is a pixel value at a coordinate

position (x, y) in the frame F3, and N is the number of

25 pixels in the frame or a slice. The AC component

intensity (to be referred to as an AC component value



the (step S15) : (48) 90 A weight factor wref idx] is
determ ned as an AC gain (step S16) . wWref idx] =

ACcur/ ACre$ref idx] (49) The above calculation is
performed with respect to 5 all the reference franes
(fromref idx = 0 to MAX-REF_I DX) (steps S17 and S18).

MAX REF I DX indicates the nunbemcof reference franes.
When all weight factors and DC of fset val ues are
determined, they are encoded as table data for each

vi deo I, 4 ge, and .wei ght ed predictive, ,
encodP%%go a?ﬁg}qr§$bggﬁi?g%ﬁff%ﬁmﬁﬁ%b ¢ Jet 107 Regh slice
in aceqQr c it ot n i_ght t or nd .DC
offse?gvgﬁgegFﬂh%régi?ﬁ%&#ﬁ%ﬁéﬁfgyéﬁ%“Lﬁ%ﬁ&i?inWlng

in-enggggﬁgognqsqggo@hq?: operations are generated
according to equations (42) to 15 (44) descri bed

above As descri be ve eration of prediction
signal s by using §E%§§¥}$égﬁg?§ﬁand DC of f set val ues
whi ch vary AGmureath—+eference—£f+ame and perforning

Spredictive encoding in the above manner can properly (46)
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20 generate prediction signals froma plurality of
ref erence fPafe8sSaA@ eSdl CLfean AC component value, a

hi gh- predi,ction-efficiency. encoding with higher
effi c%ﬂ‘&?aﬁﬂdgﬁ?’@ﬁtp%t iﬂ&e. B8 PRy EperTiPER bedpecray be
o "GHARED, SHE Bt e v bR ERULMS

obtaining an AC component value increases.

> (F3(x,y) - DCeur }
ACcur =

X¥
N (a7)

As is obvious from a comparison between equations
(46} and (47), the AC component value measuring method
based on equation (46) is effedtive in reducing the
computation amount in obtaining an AC component value.

Letting "ref idx" be an index indicating a
reference frame number, a DC component value
BCrefi{ref idx]} of the {ref idx)-th reference frame and
an AC component value ACref[rf idx] are calculated
according to equations (45) and (46) (steps 513 and
S14).

On the basis of the above calculation result, a DC
offset value d[ref idx] with respecf to the
(ref_idx)-th reference frame is determined as the
difference between DC components as follows (step $15):

dhef_qidx}: DCcur——DCreﬂrefﬁ_idx} {48)



25 time or varies in DC offset value. A specific
exanpl e of the nethod of encoding information of

wei ght factors and DC offset values will 91 be

descri bed next. FIGS. 42, 43 and 44 show data
structures associated with encoding of information of
wei'ght factors and DC offset valygs. FIG 42 shows
part of the header data structure of 5 a video frane
to be encoded or slice. A naxinun1index count
"nmmerofrmxrg idx’ i.cating, reference frangs

for the vi&eldSFP EefSthFlgérgﬁd- *latiSe mined as an AC

"wei ght ggg# %% i ndicating information of weight
factors ané f val ues are encoded. The maxi nmum

10 i ndex CQHE% " %HE'" IR f qui val ent
to MAX REF :& in ib é E? Eg‘shems fhe first (49)
exanpl e of rga gReoded data,rabhuglu rn| t'%%
wei ght factor/DC offsgt da?a tab%ebéfﬁgt g gggg %QECt ko

sdata ef1vehehtcFacters ndnbS 15, ff s6tk &a&u&So to
corresponding to each reference frane are encoded in

accordMANCREW Ihx | hestaxs nBDvi agaxsceynt MAX REF IDX

"nunber _of _max_ref .idx" sent as the header data of the

franeindishtes. twetﬁhm%ésebfvaéﬂerdbck dsanekat edhent A11

the ith reference frane is directly encoded as an 20

i nt egval gt xéhcvat eandnDE hef bsher vhinds arwefightrmined,

‘factor. wWi] associated with the ith reference frane

i s nothgeneFal fycededded tahte datenfegerachovitdhpsirame or
10reasonl as |nd|cated b equation (50), the weight

fact of L¥FF] 7RY appt BXF SRt RECO5Chi VR anFasiBiaP Intiiber

w [i]_whose, denom n r. beco
[i ]resﬁgctlve plxzﬁ(klocksn?s performed in accordance with

the encoded weight factors and DC offset wvalues.

Prediction pixel block signals in.encoding and decoding

operations are generated according to equations (42) to
15 {44) described above.

As described above, generation of prediction
signals by using weight factors and DC offset values
thch vary for each reference frame and performing
predictive encoding in the above manner can properly

20 - generate prediction signals from a plurality of
reference frames and realize high-prediction-efficiency
encoding with higher efficiency and high picture
quality even with respect to a video signal which
varies in signal amplitude for each frame or slice over

25 time or varies in DC offset wvalue.

A specific example of the method of encoding

‘information of weight factors and DC offset values will




a power of 2 so as to be encoded into a nunerator [i]
expressed in the formof an integer and a denom nator
92 to the power of 2 w exponential denom nator. [i] =
w nunerator[s] W 2w_ exponential denom nator (50)
The val ue of the nunerator and the denomi nator to 5
the power of 2 can be obtained by;the follow ng
equation (51) : w - nunerator[i] = (int)wi] x 2w _
exponential denom n ator w _exponent ial-denom nator =

Cper apbolsSEEhba Bk 0 BIRE: e T Lo 08RE, Wagsbg cats

todskbacpRouE 2088ded BROLOKY TR EUBMYR Y, bk armasion of

. Accor

ng to equati ons

merits.ec b LN c Lhg he wei ght
facto?egggFegg?gﬁégaggg 8? %Ekg%gay%gHEfSO), t he
denomi nat oref uheswsi,ghbatacker ths h%gﬁﬁkaﬁ +hoL8aCh e of
video franme, whereas the nunmerator changes tor each

srefergneedépareandhis BaCceALHAdHBLPOd €8N redHCe LR index

data amount of weight factors to be encoded, decrease

t he eocodtnynomeehead, mandreppiaxe 2041 et eA§O0EERErence
efficiency as conpared with the net hod of

i ndepéngleas | Joencodi nijdeei Ghiméact ossiteragach table data
reference frane into denom nators and nunerators. |f

~ the dtmohthbioy_tsbbef) Y oindpowmeingfifosnation of weight
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factors and DC offset values are encoded. The maximum
index count "number of max ref idx" is equivalent to
MAX REF IDX in FIG. 40.

FIG. 43 shows the first example of an encoded data
structure concerning the weight factor/DC offset data
table. 1In this case, the data of weight factors and DC
offset values corresponding to each reference frame are
encoded in accordance with the maximum index count
"number_of max ref idx" sent as the header data of the
frame or slice. A DC offset value d[i] associated with
the ith reference frame is directly encoded as an
integral pixel value.

On the other hand, a weight factor w[i] associated
with the ith reference frame is not generally encoded
into an integer. For this reason, as indicated by
equation (50}, the weight factor w[i] is approximated
with a rational number w'[i] whose denominator becomes
a power of 2 so as to be encoded into a numerator [i]

expressed in the form of an integer and a denominator




mul tiplications of weight factors with respect to 25
reference pixel block signals can be realized by

“multiplications of integers and bit shifts, no

i0
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floating-point operation or division is required. This
93 nmakes it possible to reduce the hardmare size and
conput ati on anmount for encoding apd decodi ng. The
above conputations will be described in further

detai|l bel ow. Equation (52) erresentﬁ a prgdlftlgn
express Q.0 |ned enera |Z|ng the predictiv
exBrezzﬁgﬁ'lg di'Cat & &b%y%' &R Ed2)d %ﬂﬂ%quﬁﬁfand
is used for the generation of a prediction pixe

bl ock signg} for a pi xel Yol dekegertoetiponding to a
reference frane npwbeexponert i Pl ediieBEmanptS€i ction 10
signal, ref[i] be the reference pixel block signa
extract ed ﬂ%@ﬂWﬁﬂ@GiﬁfIﬂﬁ&ﬂﬁﬂMﬁrjﬁdﬁﬁandﬂﬂhéMdéndH¥$ator to
d[|] are a weight factor and DC offset value for the
referéﬁ@epQW%élO§I60Ea@xtﬁaobéalhe@anhehetﬁoﬂab@ﬁ@@ce
frame. 15 Pr edi = wi] ref[i] +d[i] (52) Equation

(53) ?guﬁtbPEdﬂéﬂﬂon expression in a case wherein the

wei ght factor wi] in equation (52) is expressed by

the rati ewdledawmen &ndirgahed xbyw eqe@bddnt {50)deddhnin ator
this case, wn[i] represents w nunerator[i] A n 20

uation (50), and wed represents M/expone tialsg
ZgnOWlnaF%PP%QP%éa# depedpafory af (3nt)4 7
1)) >> wed) + d[i] (53) In general, S|nce 7 Wellght
factor wi] which is

(50)

{51)

In encoding and decoding operations, a prediction
picture is generated by using the abovelencoded
approximate value w'[i]. According to equations (50)
and (51), the following merits can be obtained.

According to the weight factor expression based on
equation (50), the denominator of the weight factor is
constant for each video frame, whereas the numerator
changes for each reference frame. This encoding method
can reduce the data amount of weight factors to be
encoded, decrease the encoding overhead, and improve
the enceding efficiency as compared with the method of
independently encoding weight factors for each
reference frame into denominators and numerators.

If the denominator is set to a bower of 2, since
multiplications of weight factors with respect to
reference pixel block signals can be realized by
multiplications of integers and bit shifts, no

floating-point operation or division is required. This




25 effective for an arbitrary fading picture or the
like 1is not an integer, a floating-point
multiplication'is required in the equation (52). In
addition, if wi] is 94 expressed by an arbitrary
rational nunber, an integer nultiplication and
division are required. |If the denom nator indicated
by equation (50) is expressed by a rational nunber
which is a power of 2, a meighted predictive

. conputahden 1@%0@%1 ne Ay r%%hfc et] m(ﬁ%gpl I cation

using an integral coefficient OfS g and

offsehoh@quﬁ§kge%%adﬂ%(ybﬂw%ggﬁﬁ} ffa Addght, bit
a

shift of wed bit, and integr i 6n of & DG set

val ue, as iTHH cHRE BogaMaidiohd 3311 1L HHsscrlbed in

el imnates the necessity for floating-polnt

nultlﬁhw¢abmometéhiobedoﬂﬂ“eﬁqgﬁt%oﬂh'%Q)'&%‘%%%%%tth%
magni t ude of a denom nator is commonly set for each

5V|deopﬁeduetl@m sikipre ssagar dbess nett @yf?'%%Q%QQZﬁh@”%he
e

number i. 15 Even if, therefore, the reference frare
nunbePredigkéye aXpraﬁaﬁbnyinﬁimatedsb&OEq&athoﬁbdqq2) and
frame,. an increase in code anmount in encodi ng wei ght
factoﬁ§3éaﬁn§el§uﬁﬁﬁés§§§ thEqganeortiba) oifndi pates caion
case wher g the wei ght 20 factor representati on based

on quéF?g %9@# Fégﬁﬁﬁlﬁéa at pigepr bdpeki onrbasednding to a
the |lin su reference_franes i ndi cated by

“equat 1o efﬁﬂfe ggaWﬁ FH@beEa§e wFEh BBdii bA g5Byed2stion

<< wed) >>
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extracted from the ith reference frame, and w[i] and
d[i] are a weight factor and DC offset value for the

reference pixel block extracted from the ith reference

frame.
Pred; = wli] e ref[i] + d{i] (52)
Equation {53) is a prediction expression in a case
wherein the weight factor w[i] in equation (52} is
expressed by the rational number indicated by equation
{50). In this case, wnl[i] represents w_numerator(i] in
equation (50), and wed represents
_w_exponential_denominator.
Predj = ((wn[i] » refli] + 1 << (wed — 1)) >> wed) + dfi]
(33)
In general, since the weight factor wiil] which is
effective for an arbitrary fading picture or the like
is not an integer, a floating-peint multiplication is

required in the equation (52). In addition, if wli] is



(54) In the above prediction based on the |inear sum

of two reference franes as well, since a weight factor

is 95 not generally encoded into an integer, two
floating-point nultiplications are required according

to equation (44). According to equation (54), however,

a prediction signal can be generaigd by the linear sum

5 of two reference frames by perform ng only an

i nt eger nultiplication bit shift, and integer

addi tign. ggltlon Sj nce i nformation wed
concernlnge?%% 7R WP b T 3L deFdhi W@ brnimbat soan integer

COl’n’TDr}[ll ncreas n .COde anmount i n encodi ng a
t ‘%actpﬂ]ca Cg i

wei gh of can - 10™b ﬁ%hﬁ%%%e@reAE%%Ui%@@ordlﬁgthe
expr esnet by ol o SR B et (P sdlerpressed by

expressed by eig
si gnala i eyl 51 SXRISSS by, eight Dbits, codi ng and
decoding can be done mnsﬂla coﬁ%taﬁ%”T% at i"Gitghted

5preci §iraMiaft ik bidnﬁauﬂan:ﬁ‘ﬂp'éérprbe V&c;rﬂé rlp; ga%bmmeeqesr

video frane, a denon nator,

const antl t ipagarl RS 10fi HEeler %G%Jﬂaalﬁ%%ef ARALNG 5 |

or decoding, therefore, even if reference franes are "'
20 swiakictie fodt cencif fiioe iRl dhefa.dis J10 EAY ors,
change the shift anount, thereby reducing th
conpuﬁaﬁlﬁﬁtahnahﬁhaﬁthaﬁdwaﬁebawzeanbf1WQ@@&%1f@ghg%§on
for all reference frames satisfy w- nunerator[i] =
x Ki P§5F DC offset value, as indicated by equation (53).

10 " This eliminates the necessity for floating-point

multiplication.
Also, a power of 2 which indicates the magnitude
of a denominator is commonly set for each video frame

or slice regardless of a reference frame number i.

15 Even if, therefore, the reference frame number i takes

a plurality of values for each video frame, an increase
in code amount in encoding weight factors can be

suppreésed.

Equation (54) indicates a case wherein the weight

20 factor representation based on equation (50) is applied

25

to a prediction based on the linear sum of two

reference frames indicated by equation (44), as in the

‘case with equation (53).

Pred = ((wnl[0] * ref[0] + wn[l] e refl] + 1 < 4
+ (A0} + dl1 + 1) >> 1 < wed) >> (wed + 1)

(54)

In the above prediction based on the linear sum of

two reference frames as well, since a weight factor is



25 the denom nator and nunerator of the to-be-encoded
wei ght factor to be cal culated by equation (54) may be
transforned as follows: 96 w nunerator[i] = w
nunmerator[i] >> n w exponential denom nator = w exp
onential denom nator --n (56) Equation (56) has the
function of reducing each weight ]t)actor expressed by
a rational nunber to an irreduci% e fraction.

Encodi ng after such trans 5 formation can reduce the

W U nout®hedt e%%%%95%%99\;3@%3%:19322@83%?@2Ets. broand
Factore CH RS HEGG ﬁﬂggi‘%r%ﬁﬂé@ﬁ;%ﬁSQSSEh?%@ﬁﬁ;Sgérdmg
taia oD Sishelae apior et LD £ veLgn, (actgr DGrouever,
o sto pilomt 5 018 h‘fhe%codf’%%ne%raﬁ’f%h??%%%”oﬂﬁear sun
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15 not encoded unlike in the T A'eY £90 integer

and  onilyt ifthe qaoRit o1 ofswetght, fact
expressed by a rational number is encrgl'reéd”@}vvhglil e In

denonianitidrioni,s ssetceas rf caenatiat Wt Uen ddi 4 i}%t‘?{eg‘
shown in FIG 44, for exanple, a weight factor e

expr e%@@ltmebybfaar ateihomanataybers zang Q:rHIﬂa‘nCﬁllZed an
nunerator wnunerator[i] may be encoded as follows. W
numer aP6FERFe in code amount in encoding a weight Ffactor can

be suppressed.

Also, according to equation (54), the nuﬁerator of
a weight factor is expressed by eight bits. 1If,
therefore, a pixel signal value is expressed by eighﬁ
bits, encoding and decoding can be done with a constant
computation precision of 16 bits.

In addition, within the same video frame, a
denominator, i.e., a shift amount, is constant
regardless of reference frames. 1In encoding or
decoding, therefore, even if reference frames are
switched for each pixel block, there is no need.to
change the shift amount, thereby reducing the
computation amount or hardware size.

If weight factors for all reference frames satisfy

W _ numerator{i] = 20 x K; (55)
the denominator and numerator of the to-be-encoded

welght factor to be calculated by equation (54) may be

transformed as follows:



W [i] =- 4 (57) 297 1lif wWfi] S1 16 w nunerator[i]

=255 if wWfi] > wexp onential(int)wi] x 24 el sel6
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deno nmin ator = 4 (58) In this enbodi ment, since the
power of 2 which represents the denom nator of the

wei ght factor is 5 constant, there is no need to

encode information concerning thg denom nator to the
power of 2 for each video frame, thereby further
reduci ng the code anmount in encoding a weight factor

t abl e Aswines ativati]in wrakiwgenatatiibral nnunber 10

r epr e¥enteFPPoRM-eA _adepasiaatonunerator ("16" in the (56)
above case), the valué ofefhengairerdt odehsmghppped-to
eight bits. In this case, if, for exanple, a pixe

signal is EXpréssed(p§)ehght thet Sunehdodi nd amdiucing each
decodi ng can_be done with a constant conputation 15

pr eci @?gﬂth fagtertexPrYasagdi PYoa, rrhiPRRS BHBBEMEAL A0

since.the . shif nmount concerning a nultiplication of
a meibﬁfe?ﬁEf%ie raction. Encodgng afterpsuch trans-

formation can feduce the dynamic range of the encoded
data of weight factors without decreasing the weight
factor precision and can further reduce the code amount
in encoding weight factors.

FIG. 44 shows the second example of the video data
structure associated with a weight factor/DC offsét
data table. In the case shown in FIG. 44 a DC offset
value is enéoded in the same manner as in the form
shown in FIG. 43. 1In encoding a weight factor,
however, a power of 2 which indicates a denominator is
not encoded unlike in the form shown in FIG. 43, and
only the numerator of weight factor which is expressed
by a rational number is encoded while the dencminator
is set as a constant value. In the form shown in
FIG. 44, for example, a weight factor may be expressed
by a rational number, and only a numerator

w_numerator[i] may be encoded as follows.

W _ numeratori]
24

wfi] =
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is constant, there is no need to |oad a shift anount
for each franme in encodi ng and decodi ng. This nmakes it
20 possible to reduce the inplenentation cost of an
encodi ng or decodi ng apparatus or software or hardware
size. FIG 45 schematically shows the overal
time-series structure of to-be-epgoded video data 25
including the data structures shown in FIGS. 42 to 44.
In the head of the video data to be encoded, 98

information of a plurality { encodi ng para éﬁ
which remain constant within one encodi ng Séﬁﬁ ge 16

such as a pictwneraiewdil Fs %%%oded as a sequenocgi] > 16
header (SH). Each picture f wri] ki 21 d i s ,encnded as
a picture, 5 and each pict re is sequentially encoded
as a conbivhat¢:smooeniipiict deroheiaderotRH)4 and picture
data (Picture data). In the picture header (PH), a (5g)
maxi mum i ndex count ""nunber-of nmax-ref idx"

i ndi cati ng Irneftélrién@slbhdamtlo samg ea thel gltwefractfor? BBich
of fset data table ighting table(", which are shown
in FIEﬁplzsenﬁﬁetéﬁcdﬁééméﬁaWRF afid LWE, wedgpéctfipesby. is
I hti ng-table()" (W), power of 2

w expSHegFﬁéﬂ 7 dERBRENAEORO] ﬁ@?éaiﬁpngnﬁﬁéemgﬁpﬁf@@él@ﬂ

5 the denomi nat £ 8nn0n to, the respective weig
fact oF eHCBEL S, Phe TR h G eh e bho BRBAPAYSHEDE dndor each

VPTG AT kb, EEELDY, K FRATLLUS O IS coge, gnoue
dii] 2recep6adRd YN,29dnD. cL8ERECELYELY. fol lowing
| Assume that in making a rationzgl number

representation with a constant numerator ("16" in the
above case), the value of the numerator is clipped to
eight bits. 1In this case, if, for example, a pixel
signal is expressed by eight bits, encoding and
decoding can be done with a constant computation
precision of 16 bits.

In addition, in this embodiment, since the shift
amount concerning a multiplication of a weight factor
is constant, there is no need to load a shift amount
for each frame in encoding and decoding. This makes it
possible to reduce the implementation cost of an
enéoding or decoding apparatus or software or hardware
size.

FIG. 45 schematically shows the overall
time-series structure of to-be-encoded video data
including the data structures shown in FIGS. 42 to 44.

In the head of the video data to be encoded,




20 w exponential denom nator. Wth regard to

conbi nations of weight factor nunerators and DC

of fset values, a plurality conbinations of WNs and Ds
are encoded on the basis of the nunber indicated by
"nunber of max ref idx" 25 contained in the picture
header. Each picture data is di9Bded into one or a
plurality of slices (SLCs), and the data are
sequentially encoded for each slice. In 99 each slice,

an enggdbRrgapabaneireh a3seahated w - i .
bl ock in thg slice is gncoded ggoa %ngggﬂgaggﬁgafgﬁff which

and opema@finacphytahict wiehineehebkaekadataseMBhncdl €such as a
sequentially encoded foll owing the slicé header. 5

Wth pégandet einacr abl eakodatiaasi Bf geHBELGB header (SH).
concerni ng encodi ng of each pixel in the macrobl ock,
e.g., Epredbétionenmbdemenbor fratildnicMBhrotkdaapi ¥ebicture,
bl ock in the macrobl ock and notion vector information
5(W), and epecbdedctuast iy, seheeshtedéd enthdgdnak 40
transform coefficient (DCT) obtained by conputing the
or t hogoRalneEansf 8fnp(Bigtura Hesdest éPbsknd picture data
transt rn% of the to-be--encoded pixel signal or
predié??ﬁ UEEr9#t&i gnal is contained in the macrobl ock

geﬁa. In this, case, ?othugr ne of 15 _ X
nunber_gF;ﬁéi_P%F_Paﬁ _8ﬁ§ermgﬁaht|ﬁgmﬁébmem(}ndex count
o aglel 0oL The Phghul s, ieael TRy be. encoged. .

1o Lne uEhans Jagher Labler i BT B 80, o e

denom pai g ¢ Dhg a- 461 80 » | 4Gk PEn C&Pe PEhown in FTG. 42,

are encoded as MRI and WT, respectively. 1In
"wgightingﬁtable()"(WT), a power of 2
w_exponential denominator indicating the magnitude of

i5 the denominator common to the respective weight factors
as-shown in FIG. 43 is encoded as WED, and
w_numerator[i] indicating the magnitude of the
numerator of each weight facter and a DC offset value
d[i] are encoded WN and D, respectively, following

20 w_exponential denominator.

With regard to combinations of weight factor
numerators and DC offset values, a plurality
combinations of WNs and Ds are encoded on the basis of
the number indicated by "number of max ref idx"

25 contained in the picture header. Each picture data is

divided into one or a plurality of slices {SLCs), and

the data are sequentially encecded for each slice. 1In




omtted, encoding of WED in FIG 45 can be omtted.

FIG 46 is a flow chart showi ng a video decodi ng

procedure according to the enbodi nent of the present

i nvention. A procedure for inputting the encoded data,

25 which is encoded by the video encodi ng appar at us
according to the enbodi nent descPPbed with reference

to FI.G 40, and decoding the data will be descri bed

bel ow. 100 The header data of an encoded frane or .
sl i ceeacwhikchcenckudescbhenwepbahtinbaetor, Bhset i

data table described with ?gFerengg%ggaéggggaﬁggtglth each
44, ipidetodedckfianthbesinput ienepdededata S8R ce header
S30). The header 5 data of an encoded bl ock, which

i ncl udes) a aefiecercer &rapierandey bor madedbilbykngda®a (MB)
reference frane for each .encoded bl ock, is decoded

(st epaBs3lyegnentfielépcenppretl fbddkwsingnahei slice header.
extracted from the reference frame indicated by the
reference Fiaheregairddés fecreddlechi deltabl dolfofsképon

S32). A weight factor and DC offset value are

det er fPREET PV F eEBFPHRGIt BTt Rachdpésded ifeithht macroblock,
factor/ DC of fset data tahle,on the basis of the

referene fRERE Fhiegk BPEhEREREBALIOBI S¥RT) AT 2 pixel
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di i i | bl kK si I i df 15
Phe  PEredE bh Ers onfirorideR yant B9t aanngoehatvensaFmation
f d | i ned_in.thi
(ofepl B a8t e e BR T ThOeepbPat R FRPEShan
deCCKE¥En§E6&$f@b@?ﬁﬂQﬁQnPrgﬁégfi§§t§££88 ﬁ%gggﬁgﬁﬁi?% the

added to the prediction plx 0 signal to genera

20 a slecosieshi ctHaes£SERD(S34), YhehstherLespestive

encoded pi xel bl ocks are :
transform) of the to-be~encoded pixel signal or
prediction error signal is contained in the macroblock
data. In this case, both or one of
""number of max_ref_ idx" and "weighting table{)" (WT)
contained in the picture header may be encoded within
the slice header (SH)}.

In the arrangement of the weight factor table data
shown in FIG. 44, since encoding of data indicating the
magnitude of the denominator of a weight factor can be
omitted, encoding of WED in FIG. 45 can be omitted.

FIG. 46 is a flow chart showing a video decoding
procedure according to the embodiment of the present
invention. A procedure for inputting the encoded data,

“which is encoded by the video encoding apparatus

according to the embodiment described with reference to

FIG. 40, and decoding the data will be described below.




sequentially decoded and all the pixel blocks in the
encoded frane or slice are decoded, the next picture
header. or slide header is continuously decoded. 25 The
encodi ng and decodi ng nmethods follow ng the above
procedures can generate proper prediction pictures in
encodi ng and decodi ng operationsi@ven with 101 respect
to a vide signal which varies in signal anplitude
over time or varies in DC offset value over tine,

t hereby realyezinag 08 i ency
hi gh-pi cture-quality video encom%ﬁf%ﬁuf(ﬁﬁﬁﬁfrﬁfvﬁ%%Fe’

5 hi ghen cpr adicaier ehbl Gieaney. fERe /e & d U’ table
of the present invention disclosed in the above

enbodieeats beid wike deseriched thelrpwsonadyong, (1 gecoded
In a video encodi ng nethod of perform ng 10 not i on

- conpefiseti ¢dhepiagutt eveodeidedafthang tefcediog ofThed header

t 0- be- encoded macrobl ock of a video picture by using

Sa predeter pifned eorbidedt bdncdf, abplay dhidtlyidefs a reference

reference frames and a notion vector between the

t o- bef&ABgdéadenadpobidertandiag leeasti coraoeeffererceor each
frame, (a) at is |east one reference macroblock is
extra@?@BdFQOPQQSEh 18f deredgPurlgltiepy Set r-ef erence

frames, (b redictive robl ock i s _generated by

cal cul atin Fﬁ SFPRESr P et gﬂoFﬁésﬁﬁ e Sy egftracted from

extraﬁﬁgd r%ference macr ob

pr ede ern%nesrggﬁﬁlEE?W8n1880kS bﬁt? tg%cf@ﬁgre@2§ frame

10 and (§ﬁd@xpESg'gggyoggﬁégrb?hgﬂals “E%B&EQGA welight factor
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predi ctive na.cro and PeRc6

macr ophQckc b§f9§ﬂeﬁgiﬁg 59e68g9g§mﬂhgdpb§dkg% ¥€ing to the
error signal, th
decoded welght factor/DC offset data table on the basis
of the reference frame index of the encoded block.

A prediction pixel block signal is generated from
the reference pixel block signal by using the weight
factor and DC offset value determined in this manner
(step S33). The encoded prediction error signal is
decoded, and the decoded prediction error signal is
added to the prediction pixel block signal to generate
a decoded picture (stép 534).

When the respective encoded pixel blocks are
sequentially decoded and all the pixel blocks in the
encoded frame or slice are decoded, the next picture
header or slide header is continuously decoded.

The encoding and decoding methods following the

above procedures can generate proper prediction

pictures in encoding and decoding operations even with




first index indicating the conbination of the
plurality of reference franes, the second index

i ndi cating the 25 conbi nati on of the weighting
factors, and the information of the notion vector.
102 <Effects> Perform ng a prediction based on the
linear sumof a plurality of refigrience franes with
variable linear sumweighting factors in this manner
allows a proper 5 prediction with respect to changes
in 3'Qﬁgbebﬁt%Bsht¥id@V§ﬁghbﬁEwﬁEEH @ﬁaﬁag!ﬁﬂ-slehil

makes it possible to .inprove the prediction .
ef fi chRpeythBeepeedi Bmel Braddi-tbaninf BE g¥aapke, hfi.a

“portion where occlusion (appearing and di sappeari ng

t enpooakkytomeyr shethpy #6apredhet hognhekkicgikgengyycan

be i nproved by sel ecting proper reference franes.
Encodhhghthéseueenhinattonsideb thesaihiyne@al decoding with
predictive coefficients and reference franes as

5indexksgban supgiessonhefdverikeag. (2) In (1), an

i ndex indicating the conbination 15 of |inear sum

wei ghti ng Thet brsfegabheodedmas ofiedtier prdaeatf anveathon
frame or each set of franmes, and the predictive error

si gnaflsehesedder thai ehevagerhedivenbbndilbnbef described
reference franmes, and the notion vector are encoded

for e%%ﬁOWHE?%b?Sc??e2O <Effects> In general, changes

i n signal such_a occur

throughout%g ega%}¥e8¥§%ﬁ;%Hgﬁglngcgﬁggéaggg?pFﬁéoFWQQg

10OCCUVﬁoﬁf&ﬁ'é%m¢Qn§Q€iéﬁ I%g;ge%9éd£H9e£9f£§%é N&caing of
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conmbi nat1on o I néear” pre
a to-be-encoded macroblock of a video picture by using

a predetermined combination of a plurality of reference
frames and a motion vector between the to-be-encoded
macroblock and at least one reference frame, {a) at
least one reference macroblock is extracted from each
of the plurality of reference frames, (b) a predictive
macroblock is generated by calculating the linear sum
of the plurality of extracted reference macroblocks by
using a predetermined combination of weighting factors,
and (c) a predictive error signal between the
predictive macroblock and the to-be-encoded macroblock
is generated to encode the predictive error signal, the
- first index indicating the combination of the plurality
of reference frames, the second index indicating the
combination of the weighting factors, and the

information of the motion vector.




25 coefficients nmade to correspond to a change in
signal intensity over tine is encoded for each frane,
and an index indicating a conbination of reference
franmes is 103 nmade variable for each macrobl ock. This
makes it possible to inprove the encoding efficiency
whil e reducing the encodi ng ovériread, thus achieving
an inprovenent in encoding efficiency including
overhead. 5 (3) In (1) or (2), the notion vector to be
encodeflsks-asPoti on vector associated with a specific
one of the plurality of reference franes. <Effects>

I n perfornmppgrBRLiAR qopReRsaiiion PERLHCHVent0]inear sum of
encoding using a plurality of reference franes for

each anptnebhoek, owheararsptonruRekOLitAr vA26Rble linear
macr obl ock is individually encoded, the encoding '

over headl watyhrases. faAcopsdingthds(Apnnarnalilewsvachebper
for a specific reference franme is transmtted, and

Snot i oprgéttoisnfweitkbreshertf tanebaapesobhashgdaby intensity
scaling the transmtted notion vector in accordance

Wi th eheri hiee- $raheasdifstdances BhiwemakeRelt possible to

t o-be-encoded frame and the respective reference
franesTPTRVS RBReBTrPEipbisnbRELpELGBAY AR PREPEABE.i nIn
encodin&_overhegd and inErov 20 the_encodin

t p

ef fi cFAty1I0Ra) IPh EBFTPE fie gﬁtPoHO§EéPBrWB%§%CP§F%HSi°“
that {S0PRRTRAP| 354 FhCaEEerARGL WPEROFADIYePererse the
10franep?@&icEDSntngféfQﬁegegaErggeimgéoégéfggt%glecting
proper reference frames. Encoding these combinations
0f these linear predictive coefficients and reference
frames as indexes can suppress the cverhead.
(2) In (1), an index indicating the combination
15 of linear sum welghting factors is encoded as header
data for each frame or each set of frames, and the
predictive error signal, the index indicating the
combination of reference frames, and the motion wvector
are encoded for each macroblock.
20 <Effects>
In general, chahges in signal intensity over time
such as fading occur throughout an entire frame, and
occlusion or the like occurs locally in the frame.
According to (2), one combination of linear predictive
25 coefficients made to correspond to a change in signal

intensity over time is encoded for each frame, and an

index indicating a combination of reference frames is




Since the notion vector normalized with the unit
inter-franme distance is used as a notion vector to be
104 encoded in this nmanner, notion vector scaling with
respect to an arbitrary reference frane can be
performed at | ow cost by nmultiplication or shift
conputation and addition processiody. Assumng 5
tenporal ly uni form novenent, nornalization with a unit
inter-frane distance mnimzes the size of a notion

vect op b Be8ngaded and cany,Leduce the | %%'Tﬂﬁaikgge it

anount of the notion vector, thus obtaining the e

of reguckngithecenspding everbaadqidd e2krilkAeh3) whhge
notion vector associated with the specific reference

frame riesiuaifiet iR waebainbobverBeah, t BBuR! Weak bl nef an
reference franes which corresponds to the greatest

i nt er ifwpape eticatanae cheomihhee ffochenencadedufiiage ovkbhead.
<Effects> According to (3), the notion vector code

Sanount dedleasés dAd scalii2ng aheammiitivan wetbar teame
"be realized at a low cost. On the other hand, as the
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i nt er eheadeddiist anvethenwsentarr ebepeneéetr mithandspecific
20 to-be-encoded franme increases, the precision of

not i oRNecBhpéRSaPilBnadétreaseseiprenEAt fa81eBo thi s,

accor di to_(5), a notion vector for one of a
plurafﬁgge6F5>reference frames which corresponds to

the greate inter-frane distance is encode

not i on vec?%r?efgprﬁénghgo éﬂﬁiﬁPWBePE?EFQ%cngaggﬁéve

can be,genengt 6diRY of BIELLPE ] YkSLORQL LR rR0GR0RHr cacn
macroblock, when a motion vector for each macroblock is
individually encoded, the encoding overhead increases.
According to (3), a motion vector for a specific
reference frame is transmitted, and motion vectors for
other frames are obtained by scaling the transmitted
motion vector in accordance with the inter-frame
distances between the to-be-encoded frame and the
respective reference frames. This makes it possible
prevent an increase in encoding overhead and improve
the encoding efficiency.

{4) In (3}, the motion vector associated with the
specific reference frame is a motion wvector that is
normalized in accordance with the reference frame and
the to-be-enccoded frame.
<Effects>

Since the motion vector normalized with the unit

inter-frame distance is used as a motion vector to be




accordance with the inter-frane distances. This can
105 5 suppress a decrease in notion conpensation .
precision wth respect to each reference frame. This
makes it possible to inprove the prediction
efficiency and perform high-efficiency encoding. (6)
In (1) or (2), the notion vectors04o0 be encoded are
the first notion vector associated with one specific
reference franme of the plurality of reference franes
and aeﬁﬁkkﬁﬁiW@P%%ﬁsf%%n%%%{h%&t%%no%g%%o&e%%r3&%% with
frames, and the notion vector for another or 10 0thér
ref er eRe@eloran®s ans 0MG6adedas & HHehfer entih@l - heglor
between anot her or other notion vectors and the
not | opevdetaredhitailoed oy tsedl mid thike itarSbnmetl afirt
vector in accordance with the inter-franme distance
bet weepmphi at-d-one aewic aded thivanp rand seneqQr Reeukdng
plurality of reference frames. <Effects> If a |loca

St enpotamreaddy nigioctumevearne napprdXzemted Byth a unit
transl ation, a prediction can be made froma .
pl ur alPtyrof re@eeféptentramis indizng the mdreonf26 motion
vector and the potion vectors obtained by scaling it
in alB6FBante WPt RNERESENEBE- FRENEedRsEakbesinfprmation

h d of h [ icture is not
{ erpOR PP Le GRS LAt oF £ of VRREPF cuPDUPOOEREBENPp bpeP EFect

[ i b L. i I . JAccording to 25
?g;toggc%n ?§§%€é§58r§n?§3 gggpg?gggﬁg'of_refe?enpe
~1oframes, onqgjeprgsentative ¥aetan 3088, dLELEEeNtLal ity the

specific reference frame is a motion vector for one

of the plurality of reference frames which corresponds
to the greatest inter-frame distance from the
to~be-enceoded frame.

15 <Effects>

According to (3), the motion vector code amount

decreases and scaling of a motion vector can be
realized at a low cost. On the other hand, as the
inter-frame distance between a reference frame and a

20 - to-be-encoded frame increases, the precision of motion
compensation decreases. In contrast to this, according
to (5), a motion vector for one of a plurality of
reference frames which corresponds to the greatest
inter~frame distance is encoded, and motion vectoré for

'25. the_remaining referencerframes can be generated by
interior division of the encoded motion vector in

accordance with the inter-~frame distances. This can



vector between the notion vector obtained by scaling

106 the representative vector and an optinmal notion
vector for each reference frane are encoded. This

makes it possible to reduce the code anmount of notion
vectors as conpared with the case wherein a plurality

of notion 5 vectors are encoded.1d%hi s therefore can
reduce the encodi ng overhead while inproving the
prediction efficiency. (7) In (6), the first notion
vect oLyl [ or, -narFal | ' rda C

i h R B TSy iRg " Biecision
refergnen teapecandot Bachr aee ren e sneRded (8 rates it
(6), the first notion vector is a notion vector for

one opokbebpkutal ihprofer eher eneaifctames e MiGRNcy and
corresponds to the greatest inter-franme distance f%

from phefbranbitb-béfeéndedeg. eq@pbdimgany one of (1) to
(8), encoding is skipped wthout outputting any

Sencoded datté&)wi Ih rl@éspect (20 ,a theacrcdllcockwenhti@rsarto be

i ndex indicating a conbination of the plurality of

ref erepeedefapts theafpretenetaonederfovrakgspcabltegheith one
el ements of the notion vector to be encoded are O,

and afPethéipr Bafetrvecef Famespdnihe Pdurpsisncodedeference
are Of Wth regard to,.the macrobl ock to be encoded

next , ?ﬂ%eﬁuﬁﬁgrao?OER?BpEHCHQEr58Fo€?§th§reﬁ€oaéaﬁr

25 <Effects> |f .the abo ditior de _t
coi nct BEERERRC ShARe St nERCoR EnbOEr RO RFES on 8P aBngRBeT OF

10 FeceptinD, Sid8crence frames is encoded as a differential
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vector between another or other motion vectors and the
motion vector obtained by scaling the first motion
vector in accordance with the inter-frame distance
between the to-be-encoded frame and one or the
plurality of reference frames.
<Effects> |

If a local temporal change in picture can be
approximated by translation, a prediction can be made
from a plurality of reference frames using one motion
vector and the motion vectors obtained by scaling it in
accordance with the inter-frame distances. 1If,
however, the speed of a change in picture is not
temporally constant, it is difficult to perform proper
motion compensation by scaling alone. According to
(6), as motion vectors for a plurality of reference
frames, one representative vector and a differential

vector between the motion vector obtained by scaling




107 as conditions for skipping macrobl ocks, a picture
can be played back on the reception side wthout
sending an .index indicating a conbination of
reference frames, a notion vector with a size of O,
and a O error signal, 5 which are encoding

i nformati on for each macrobl ock,1agpon encodi ng t hem
This nmakes it possible to reduce the encoded data
anount corresponding to these data and inprove t he

encodifg SE% i B%%tlb% Qadi L, O%Eden?f gghpgpqlqﬁ)vector

pr edictiv I clent correspo

Chang%ok”e%bﬁ”%%f%@%%@%‘%Xa&%ra%%cgn&y%%%ACa hﬁ%mﬂaﬁes it
adapti ve macrobl ock ski pping in accor dance wit

char agbekii i bC$ 00k cBulkClUELe c%'d%n%lmoWntth%lft n!o'%ﬁ SR ors as
t he encodi ng overhead. (10) In any one of (1) to (8),

encodbﬂ@pb&edlﬁl$hl@ﬁ@dCWBthHbr@ﬂhpﬁtb&%&a@ﬁkye%EQQ%Q1on
data with respect to a macrobl ock when an i ndéex

5i ndi catichgra atenbhoatiedn offhtike tpluwedbirky c@h reduce the
reference franes is a predeterm ned value, the notion
vect oentodbegenvedbdadcwhntedéspwotving whti predect-dbn

for the imediately 20 previously encoded nacrobl ock,

and aPffipéepe¥dictive error signals to be encoded

are 0. Wth_regard to the macrobl ock to he encoded

next, the ﬁaﬁbeﬁnof6ék|ﬁﬁédflﬁﬁér@@ﬁé@@sve§t@ﬁCG@e@ motion
<Effects> r . exanp an area Iarger than a

macr obPGERT | ﬂoﬁm?réﬁ% téﬁpBFﬁPF?aPFSn§F§Pe§ &t pgter—frame
locorreagggghgg BEE&QQLOEEE refgregggog%gmgsagdsﬁhe frgme to
be encoded.

(8) In (6}, the first motion vector is a motion
vector for one of the plurality of reference frames
which corresponds to the greatest inter-frame distance
15 from the frame to be encoded.

(9) In any one of (1) to (8), encoding is skipped
without outputting any ehcoded data with respect to a
macroblock when an index indicating a combination of
the plurality of reference frames is a predetermined
20 value, all the elements of the motion vector to be
encoded are 0, and all the predictive error signals to
be encoded are 0. With regard to the macroblock to be
encoded next, the number of skipped macroblocks is
encoded.

25 <Effects>
If the aboﬁe conditions are made to coincide with

each other on the transmission side and reception side




macr obl ock wi t hout sending any notion vector

information. This nakes it possible to reduce the

encodi ng overhead and i nprove the encoding efficiency.

(11) In (9) or (10), an index indicating the 5
predet erm ned conbi nati on of reference franes

indicates the use of two i mediaiely previously

encoded franes as reference franes. <Effects> Wen

the use of two i medi atel'y previously encoded 10
orea AR baltiante MECLUIE g IR RR RS ¥ T ture can

ski ppi ng condition, ‘an accu predictive

be eagil y1g9¢Rer aked by %h%!Q%%%ggﬁ%%i%Hﬁ%pvﬁgﬁgwgﬁﬁending an

| i near extrapol ation even in a Ccase wherein

i nt enghtiexChARGRS taVer ot iddhndue thienf ad N i dhe ldkees, a
15 In spite of the fact that the signal intensity

changfstieveketich®, weheod Rd -@f oF MBCHER aCk e signal,
ski pped. The two effects, i.e., an inprovenent in
5predi ghiieh zebf eaceddygand farmadueh dor RaRCadidi@block,
overhead, nake it possible to inprove the encoding
ef fi cippnoyen20dihd) them(9) Tod s( @kesanti pdexible to reduce
i ndicating the predeterm ned conbination of reference
f ramesheaanbededhdaged afronnéachrrespendnogdéd frhamwe, data and
and the index _indicating the predeterm ned
conbi AEPrBNeokhrefBFEAERT PLdABd ensVencddedddd theaderncoding
data for a .to-be-encoded 25 frane. <Effects> The

macr oBl BERI&KFpEFnGOBbRAFE EBhs COAR eFEORFeREbIEp o§emporal
10 changgd L g.aggordanse wih,2;:¢0ange Lo preture shanal iise
adaptive macroblock skipping in accordance with the
characteristics of a picture signal without increasing
the encoding overhead.
(10) In any one of (1) to (8), encoding is
15 skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
combination of the plurality of reference frames is a
predetermined value, the motion vector to be encoded
coincides with a motion vector for the immediately
20 previously encoded macroblock, and all the predictive
error signals to be encoded are 0. With regard to the
macroblock to be encoded next, the number of skipped
macroblocks is encoded.
<Effects>
25 When, for example, an area larger than a

macroblock in a frame temporally translates, the

corresponding macroblock can be encoded as a skip




over time. By properly changi ng the skipping
conditions for each frane in accordance with a picture
so as to easily cause macrobl ock skipping at the tine
5 of encoding, the encodi ng overhead can be reduced,
and high-efficiency encoding can be realized. (13) In
any one of (1) to (8), encoding i& skipped w thout
out putting any encoded data with respect to a
macr obl ock when an index.indicating a 10 conbi nati on

of the phubabichy Wk nbefesenes nfy rdo%:ig)&g ver @ as

that for the imedi ately previous enco

nmacr ohheeknahbnt he téli@mpaks sof; tt B /M1 AL AL the
be encoded are 0, and all the predictive error

si gnakscb@inke cereoded ang Qmphickle reRalhdoNitRe efficiency.
macr obl ock to be 15 encoded next, the nunber of
ski pped madnabl odks (%9 cencaded. =kEfifrebs:s>dMiemttiiey the
use of the sanme conbination of reference franes as
5t hat - pordtherinimedi abebynpiteéocedioig mEereloec i r2bhess indicates
set as a macrobl ock skipping condition, macrobl ock
ski ppthg vam bé &FPi émmadiptedye ppwnitusilyl mpcoked frames as
~spatiotenporal characteristic correlation between
ar easTeABF a8/t fremgsyi deo signal . This can inprove
- the en%gding efficiency. 2.5 (14) In any one of (1)
to (8YELERELAPNg is skipped without outputting any

encoded deBell e 1SR b, SRS S0 A encoae
10{ﬁ;gg?g%gﬁér%gggﬁgﬁg%gggnéggga%%stq%ts%%ra%h% macroblock
skipping condition, an accurate predictive picture can
be easily generated by a linear prediction such as
linear extrapolation even in a case.wherein a signal
intensity changes over time due to fading or the like.
15 In spite of the fact that the signal intensity changes
| over time, encoding of a macroblock can be skipped;‘
The twe effects, i.e., an improvement in prediction
efficiency and a reduction in encoding overhead, make
it possible to improve the encoding efficiency.

20 (12) In (2) or (10), an index indicating the
predetermined combination of reference frames can be
changed for each to-be-encoded frame, and the index
indicating the predetermined combination of reference
frames is encoded as header data for a to-be-encocded
25 frame.

<Effects>

_The'macroblock skipping conditions can be flexibly




macr obl ock, the notion vector to be encoded coi nci des
with a notion vector for the imediately previously 5
encoded macrobl ock, and all the predictive error
signals to be encoded are 0. Wth regard to the
macr obl ock to be encoded next, the nunber of skipped
macr obl ocks is encoded. <Effects69 10 Addi ng the
arrangenent in (14) to that in (13) nmakes it possible
to reduce the encodi ng overhead and inprove the
encodi I giye | p;any -0 f (21 : :
t he ng??gﬁg9e§?o?gﬁfgﬁégkgn@éﬁgdai§%8%§& é%e%gfﬁngaSlgnal
not | 0Bv¥eCtQkef or ggn -ald oy, Of ' t
macr obl ocks mﬁthingfﬁgo%?ggg,%gﬁgﬁ?%glgﬁffgﬁg%Fﬁa%n
vect otchat weenst FermehicBn fruget ah HeReRReRded tand picture
the predicted notion vector is encoded. <Effects> fb
The encodbngooveshegdchasembiceBbVeekos%i@@inkeat the time
reduced and the encoding efficiency can be inproved
Snore thaancndiby,t 6heé8knbydpnediostirhgaa mahi de vedi@ed, and
to be encoded from adj acent macrobl ocks within the
framehighcefi§idéeparivoanopdihe spat bal reefiekdt.i on 25
bet ween noti on vectors, and encoding only the
di fferenti dl3Vectdr anyrenel afary)oke df)(1pncedisy, is
t he nn%lon ector 111 to be encoded is predicted from
a not? hpgﬁétHFtQBFtaPUtHﬂEFéBBoéRYaFnFﬁ€e§aﬁéta with

e Siney LPE LrmRdLa e RREY OH°hYaBRo0Rsd A .

10 combination of the plurality of reference frames is the

same- as that for the immediately previously encoded
macroblock, all the elements of the motion vector to be
encoded are 0, and all the predictive error signals to
be encoded are 0. With regard to the macroblock to be
15 - encoded next, the number of skipped macroblocks is

encoded,

<Effects>
When the use of the same combination of reference
frames as that for the immediately preceding macroblock
20 - is set as a macroblock skipping condition, macroblock
skipping can be efficiently done by utilizing the
spatiotemporal characteristic correlation between areas
adjacent to a video signal. This can improve the
encoding efficiency.
25 (14) In any one of (1} to (8), encoding is
skipped without outputting any encoded data with

respect to a macroblock when an index indicating a



bet ween the notion vector to be encoded and the 5

predi cted notion vector is encoded. <Effects> The
encodi ng -overhead for notion vectors can be reduced

and the encoding efficiency can be further inproved

by predicting a notion vector to be encoded 10 from a
notion vector for a macrobl ock &tlG he sane position

in the i Mmediately previously encoded frame in

consi deration of the tenporal correlation between :
not | OREHEGEHARS ond ogy I I f ti :
vector. 15 (%7fnlﬁqa§3%ogg%gﬁq?f¥'Fgeggf?rgﬁgghg?%gﬁs is the
vect OgamkO ake teRCOded it$HePriaeheeli @d i FOMra vIBLIAY encoded
vector for one or a plurality of macrobl ocks within

t he fmageobndck, Mbki eptieet decher @&omaer ebl-oclkdatctiheides
same position in the inmmediately previously encoded
~ franewpiahdat het20ndivEb¢oentfioal thectamebetwedy pheviously
notion vector to be encoded and the predicted notion
Svect oencededcndedobleEkf eens>aBadt hehprebacadver iestroes

in (15) and (16) can be obtained by predicting a

not i ofA+9Bet-6r tew PRi Angodes frgme -andibdt weenrtr Apeshien
consi deratjon of the spatiotenporal characteristic

cor r ePAFFBRBEKWEBNPenBRFBASFebEsEs. LR BuRkRES OFft sSkipped
possi bl e tg fu&ther 112 ingrove t.he encodi ng

ef fi cPBHEYPEBF ¥ Fot PoRPG8EEErs. (18) In ay one of (15)

to (12%f gnggging i s skipped without outputting any

encode gaFa Wth respect to a macrobl ock when an

10l ndex indi gaLiRG he arrangement in (14) to that in (13)
makes it possible to reduce the encoding overhead and

improve the encoding efficiency.

(15) In any ocne of (1} to (8), the motion vector

to be encoded is predicted from a motion vector for one

15 or a plurality of adjacent macroblocks within the‘
frame, and the differential vector between the motion
vector to be encoded and the predicted motion vector is

" encoded.

<Effects>

20 The encoding overhead for motion vectors can be
reduced and the encoding efficiency can be improved
more than in (1) to (8) by predicting a motion vector
to be encoded from adjacent macroblocks within the
frame in consideration of the spatial correlation

25 between motion vectors, and encoding cnly the
differential vector.

(16) 1In any one of (1) to (8), the motion vector




5 conbination of the plurality of reference franmes is
a predetermned value, the differential vector of the
nmotion vector to be encoded is 0, and all the
predictive error signals to be encoded are 0. Wth
regard to the macrobl ock to be encoded next, the
nunber 10 of ski pped nacrobl ockglils encoded.

<Effects> In synergy with the arrangenent of any one
of (15) to (17), the encodi ng overhead can be further

reduced béoehﬂﬁﬁg&eléhﬁr@ﬂ?@géﬁgfﬁéﬁ'Q'ﬁBEYon15e&%8} for a
In any one of (15) to (17), encoding is skipped

W t hodbcoubputki 8y eny eneededsdatanWihhtheesRRelikeedy
macr obl ock when an index indicating a conbination of
- the pbueaiotylofeneb@e€nceahean®sdi sha dpredetgtmbhnedector
value, the differential vector of the 20 notion vector
to bebenwededtibei mettes wethon tdilbéeerabtdall wadt dbhe
for the imediately previously encoded macrobl ock,
Sand apretdhetpdedptitvevertor isignapdeto be encoded
are 0. Wth regard to the nmacroblock to be encoded
next , <Eh&ehtipber of ski pped 25 macrobl ocks is encoded.
<Effects> In synergismw th the arrangenent of any
one of 113TPE5§RERAERT) C¥RHDERE g?FaﬁaghﬁﬁtvéFtPié)Can be

| mpr Ve ARG KD CeFPTDMnEy L ¢ 20T g aye ofrther

(19) r&@ggxb éﬁﬁé@ the 5 {%g§;$é€1r go be encoded

conbln I on” of erence
10 from a motion vector for a macroblock at the same

position in the immediately previously encoded frame in
consideration of the temporal correlation between
motion vectors, and encoding only the differential
vector.

15 {17) In any one of {1) to (8), the motion wvector

fo be encoded is predicted from a motion vector for one

or a plurality of macroblocks within the frame and a
motion vector for a macroblock at the same position in
the immediately previously encoded frame, and the

20 differential vector between the motion vector to be
encoded and the predicted motion wvector is encoded.
<Effects>

Both the characteristics in (15) and (16) can

be obtained by predicting a motion vector within a

25 frame and between frames in consideration of the
spatiotemporal characteristic correlation between

motion vectors. This makes it possible to further



the use of two i medi ately previously encoded franes
as reference frames. <Effects> In synergismwth the
arrangenent of (18) or (19) 10 and the arrangenent of
(11), the encoding overhead can be further reduced to
i nprove the encoding efficiency. (21) In (18) or

(19), an index indicating the priteterm ned

conbi nation of reference franmes can be changed for
each to-be-encoded frame, and the index 35 indicating

the pm%§¥d¥énﬂﬁﬂjéHHHHﬂH§'éﬁfﬂ&uﬁﬁﬁﬁﬁﬁﬁc%og (AR S s,

encoded as header data for a to-be-éncoded frane
<Effects> (mgsynef giysm tdr the artrcanglemnter@odﬂrﬁg

or (19) 20 and the arrangenent of (12), the encodlng
over hedd pgani be fhadthennvpeduded oy O®d ita with
encodi ng efficiency. (22) In any one of (15) to (17),
encodimgries:t ki ppediowiciiautk elteputan Agdaxy ientededng a
data with respect to a macrobl ock when an i ndex

Si ndi ¢ awinig re 2B e erfbitiat ipdmrefl ittlye ofl wedleirtencef frames is a

10

15

20

25

reference frames is the same as that for the

i mredPatealsf pravicsu d1a Uenc ddled difdderebitdel, valdtophef the
elements of the differential vector 114 of the notion
vectoﬂoﬁéfﬁbv@ﬁﬁﬁééﬁoap@ Grcgrgdals One angr adilcttinge
error _Si s to be encqded . ar Wth regard to the

macr oBI*G CF&V@eeéﬁggdédgﬁé%F %Ph?en@ﬁEQPEdo@r§klppeylth
pﬁgrgg'r SQREa 1% TR0l cR I SEy €61 22 LRRHLE i, Wikl numper
of skipped macroblocks is encoded. '
<Effects>

In synergy with the arrangement of any one of {15)
to (17}, the encoding overhead can be further reduced
to improve the encoding efficiency.

(12) In any one of (15) to (17), encoding is
skipped without cutputting any encoded data with
respect to a macroblock when an index indicating a
combination of the plurality of reference frames is a
predetermined value, the differential vector of the
motion vector to be encoded coincides with a
differential vector for the immediately previously
encoded macroblock, and all the predictive efror
signals to be encoded are 0. With regard to the
macroblock to be encoded next, the number of skipped
macroblocks 1s encoded.

<Effects>

In synergism with the arrangemént of any one of



(15) to (17) and the arrangenent of (13), the encoding
overhead can be reduced to i nprove the encoding
efficiency. 10 (23) In any one of (15) to (17),
encodi ng is skipped wi thout outputting any encoded
data with respect to a macrobl ock when an i ndex
indicating a conbination of thejpkurality of
reference frames is the sanme as that for the

i medi ately previously encoded 15. nacrobl ock, the

differ [ % or e notion vecto 0. be _

encode@‘goﬁ%%idgi)vﬁ i]%ﬁ%ﬂ%?%ﬁ%ﬁﬁﬁ%ﬂt c{%ﬁ}fcﬁh?rﬁPCOdlng

I mredi AL8IR6 A eVdpusd v 19.‘\9?93 bl ock. and all :

the predictive erroli?ésli gnal s %oe Ee écgné:% dIPLee St.he encoding
- Wth reggard difeyf he macrobl ock to be 20 encoded next,

t he nunber of skipped macrobl ocks is encoded.

<Ef fects> {avsynes gisam Wit hiide ard apgene
one of (15) to.(17) and the{gﬁfangenent 024?€£3€@%%% the

Sencodiprg A2 caveamendaa e reduged 41 ddAT OS-34S indicates
encoding efficiency. (24) In (1) or (2), the
conbi e erseofof itearimsuend ikt Weirghtving: f1actcdcodes] frames as
determined in accordance with the inter-frane
di st an€ésrisaRedir aaeso- be- encoded frane and a

. plurality of reference franes. <Effects> 5 A proper

~predi EEifFECEiISCt ure can be easily generated at a | ow
cost by perfornin%_Linean inter- polation or linear

ext r apol at i'8h SEEETE S it tthye jaFrangement of (18) or (19)

10 - and the arrangement of (11), the encoding overhead can
be further reduced to improve the encoding efficiency.
(21) In (18) or (19), an index indicating the
predetermined combination of reference frémes can be
changed for each to-be-encoded frame, and the index
15 indicating the predetermined combination of reference
frames.is encoded as header data for a to~be—-encoded

frame.

<Effects>

In synergism with the arrangement of (18) or (19)
20 and the arrangement of (12), the encoding overhead can
be further reduced to improve the encoding efficiency.
(22) In any one of (15} to (17}, encoding is
rskipped without outputting any encoded data with
respect to a macroblock when an index indicating a
25 combination of the plurality of referencérframes is the

same as that for the immediately previously encoded

macroblock, all the elements of the differential vector



signal intensity such as fading in accordance with the
inter-frane distances between a to-be-encoded frane
and 10 a plurality of reference frames. This nakes it
possi ble to realize high-efficiency encoding with high
prediction efficiency. (25) In (1) or (2), an average
DC value in a frane or field irnlh input video signal
is calculated, 15 and the conbination of |inear sum
wei ghting factors is determned on the basis of the DC

val uegri pha Rb¥hiahi tycrel kef ere
t o- be- encoded f%ane C<Effects§ %gﬁba culatlﬁg %nd 21l the

predi pribveceeetl beirent §ihhams 20 LMRYRILNANES | Nyith
DC value in a to-be-encoded frame and a plurality oﬁ

ref er esgertir aoesheampt@pelochr €di ¢l W@ RIEUHR G B number
generated with respect to not only a constant

t enporél skhapgd macsbphakkisniensnydedt. al so an
arbitrary time jitter in signal intensity. 25 (26) In

5(1) ofEf2¥ctazsume that an input video signal has a
variable frane rate or an encoder for thinning out
arbltrary ﬁﬁaﬁﬁ@eéﬂlﬁmewﬂﬁbuﬁhﬁl@eaaﬂqymﬁnttuftamymmﬁaof
it ave a variable frane rate is prepared. In this
case, (}#) eE%oé?ﬁb fRe §h8e6r§ﬁgﬁameﬁ§vpﬁg (B¢, the encoding
variable fra I nation of |inear sum

ol TSPt 6PE Bt HeSufanrEn (HOREUS: dhAcenePAng

chanqgffigllnter frame di stance between a

t o- be-encoded Y frame and a plurallty of reference
10 frames. <Ef§§9tsTn gxyughggogrqggﬁ tlnqﬁr ere%b%EH%% i s

Cbeff|0|ents
skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
combination of the plurality of reference frames is the
same as that fpr the immediately previously encoded
15 macrobleck, the differential vector of the motion
vector to be encoded coincides with a differential
vector for the immediately previocusly encoded
~macroblock, and all the predictive error signals to be
encoded are 0. With regard to the macroblock to be
20 encoded next, the number of skipped macroblocks is
encoded.
<Effects>
In synergism with the arrangement of any one of
(15) to (17) and the arrangement of K14), the encoding
25 overhead can be reduced to improve the encoding

efficiency.

(24) In (1) or (2), the combination of linear sum



accordance with inter-frane distances with respect to

- 10 encoding with a variable frane rate in which the

inter-frane di stances between a to-be-encoded frane
and a plurality of reference frames dynam cally
change, high prediction efficiency can be maintai ned
to perform high-efficiency encadisng. 15 (27) In a

vi deo encodi ng net hod of perform ng notion
conpensation predictive inter- frane encodi ng of a

O Do ERGRES g TRALOBLC K Ohe B HhIRRAP LS, ML PR i tn e

a predetermn dd E6bi Rat T on <6
refer . S t t e t
o porhEe: FragE ﬁ%%?%@Fggkbgﬂaggﬁ AL LBrbEeEn bR frame ana

frameg ﬁ@ﬁrﬁh@tyfbf39e5§£§ﬁ@80§rg3%50b|OCk _
corresponding to a candidate for the notion vector is

extraetedeframthe first reference frame, (b) the
candidate for the notion vector is scaled in

5accordanceAmpkbpéhept@H@ttﬁb@ﬂglziu&bskaﬁc%eb%kﬁﬁﬁﬂrat

10

15

20

25

| east one second reference frane and the

t 0- begenepdeddf raine, 1¢€) catt|l baspeofiersgagndinear inter-

ref erence macrobl ock corresponding to the candi date

for 1rGlaheonoeiohivestoexbbepbhetliby $oal engime jitter in
extracted fromthe second reference frane, (d) a
pred|%%g%@1nﬁ%F©%ﬁbEk syehgenefadédgbyncakcakdenng with the
| i near sum usi ng redet erm ned conbi nati on of

wei gh%%%rTSE?IB?sd%% aR ks sPEfVeENafdteebenanFeflefeficame and

nacroblo ég} gfedlctlv error S|gnal bet ween
t he p?e% %% nREr Dbt SEROGRdT FRBCE 0- bEDEACHALAS 1t

{ tQr . .
ot erve Seib b HCPEEE £ p ol st REAAPEEAY £RCOREnb with nign
prediGtiye {59 e B8Py .

(25) In (1) or (2), an average DC value in a
frame or field in an input video signal is calculated,
and the combination of linear sum weighting factors is
determined on the basis of the DC values in a plurality
of reference frames and a to-be-encoded frame.

<Biffects>

By calculating linear predictive coefficients from
temporal changes in DC value in a to-be-encoded frame
and a plurality of reference frames, a proper
predictive picture can be generated with respect to not
only a constant temporal change in signal intensity but
also an arbitrary time jitter in signal intensity.

(26) In (1) or (2), assume that an input video
signal has a variable frame rate or an encoder for

thinning out arbitrary frames of the input video signal



10 between the |inear sumof the first and second

ref erence macrobl ocks and the to-be-encoded '
macrobl ock, and (g) the predictive error signal, the
first index indicating the first and second reference
franmes, the second index indicating the conbination

of weighting .15 factors, and theignformation of the
determ ned notion vector are encoded. <Effects>

Assune that a plurality of reference nmacrobl ocks are
extracgted _from.a,plurali .of reference frames 20 with

r espef:‘tliD ?lg gng]tt g%t;}éé %né{) é&br%aecr%ﬁlm&laatfn&sapreparecj[' In
predi ghj;ve robl.o IS 5 rat rom.t he .l i.near

B R e bage, AR AL A S 8 s lpg the
det er Flaredb 160k @a6h rheler nce Jh@e . iRe ¢emutation
anount becones enornous. According to the arrangenent

of  2%me(dhking FeetadrB0tisORMReEHAn RN date fn 81 £
first reference frane is scaled to obtain notion

Svect ochahgesotihed nteferenae HiamescedRltwedh &Y 1f-be-encoded
optimal notion 118 vectors can be searched out with a

very girakk apdnpupaticed iawoodt reFRirentek s aiie spossi bl e

to greatly reduce the encoding cost. (28) In (27),

t he déF&EATKEd notion vector is 5 scaled in

accordance with the distances between the respective

ref erence PraNEINdnBreRert dlbeasneoedd ctiivanepedifd cients in
ref erence crobl ock for at |east one reference frane

i s inaFGPHggPFﬁ WebhchBdesgarangodastencepenith rhepect to

propriety.error.signal _near_the scaled 10 notion
10 enc%gln . h§% L&ﬁ F

ofip&fASat 8@FcfrbR {8 which the

inter-frame distances between a to-be-encoded frame and

W
vect or. noti o
a plurality of reference frames dynamically change,

high prediction efficiency can be maintained to perfcrm

high-efficiency encoding.

15 - {27) In a video encoding method of performing

motion compensation predictive inter-frame encoding of
a to-be-encoded macroblock of a video picture by using
a predetermined combination of a plurality of reference

frames and a motion vector between the to-be-encoded

20 macroblock and at least one reference frame, (a) the

first reference macroblock corresponding to a candidate
for the motion vector is extracted from the first
reference frame, (b) the candidate for the motion

vector is scaled in accordance with the inter—-frame

25 distance between at least one second reference frame

and the to-be-encoded frame, (c) at least one second

reference macroblock corresponding to the candidate for




then performed by using the notion vector obtained as

a result of the re-search. <Effects> Making a

re-search for a notion vector near 15 the scal ed

noti on vector candidate can realize a

hi gher-efficiency notion vector search with a smaller
conput ati on anount and realize aim gh-efficiency

notion conpensation prediction with a slight increase

in conputation amount. This nmakes it possible to

perfo 1gh-effici .encodi ng.. _(29) Ln a_vide
encod%ﬁs ﬁggggg ggcéggfggﬁ¥ﬁ§e%n§¥i%ﬁagén eﬁ?a?ﬁgﬁacged from
'”t?rtﬁéagécéﬂaogb@grgﬁc@ fEQ@Q?'?H9°Qegr€B€E% L2Ckat ob1ock
a video picture by using at east oOne past reference
frame;andeacrptbanpyeehotudachatwvgen i hag t auheyenggded

macr obl ock and the reference frane, the notion
C0npepsaﬁb@erﬂﬁﬁdh0tbm§ihat@6nfbﬁﬂﬁeignﬁﬁﬁgngab%ors for the
performed upon swi tching, for each 119 to-be-encoded
5macr ol eek, ahat weesnapeedkirencef muskBB1ackADt i8N 5

vector for a to-be-decoded nmacrobl ock at the .sane

i ntrapfedmetpesi eronrasighat bétwhent ohbependadedve
macrobl ock in the franme encoded i nmedi ately before.the

5 t o-bacepbbdel andntheolitabaragcbtiedt nabeokbhoodeds
macr obl ock. and operation of newy determ ning and
encodfAgerREefpt il 6h VhetBpLieEfFeetes ipsdphsrpérad on the
descrj bed above, in notion 10 _conpensation predictive.
encodPAg St A& bYerhaanirBre fbtFBA peedértéHeoarngr signal

1O|nflugg géeﬁhghgnfggégg sum of the first and second

reference macroblocks and the to-be-encoded macroblock,
and (g) the predictive error signal, the first index
indicating the first and second reference frames, the

second index indicating the combination of weighting

15 factors, and the information of the determined motion
. vector are encoded.
<Effects>
Assume that a plurality of reference macroblocks

are extracted from a plurality of reference frames

20 with respect to one to-be-encoded macroblock, and a
predictive macroblock is generated from the linear sum.
In this case, 1f an optimal motion vector is determined
for each reference frame, the computation amount
becomes enormous. According to the arrangement of

25 {27), since a motion vector candidate for the.first

reference frame is scaled to obtain motion vectors for

other reference frames, a plurality of optimal motion



efficiency. Wien, in particular, a picture with high
prediction efficiency is to be encoded or many notion
vectors are to be encoded because of a small
macr obl ock 15 size, the code anpbunt of notion vector
may beconme dom nant. According to the arrangenent of
(29), the tenporal correl ation jetween the novenents
of pictures is used such that a notion vector for a
macrobl ock at the sanme position as that of a

t 0- bex d crabl i he .i diately
preceg%%g%?%aﬁg%ig%ng%%gﬁﬁgggguﬁf%”fﬁgghﬁ%?ﬁ%ﬁﬂgchan

be usedmpit-Reylranwshange rand t.i,on v r for
only a nggroblogk which is sggjg%#g lFo%ES é%ﬁgéggiq¥eatly

pr edi etigreethicCicpReniWaerolhe notion vector for the
i mredi ately preceding frane is used is 25 encoded.

Thi s makes (i28)possi bl2g )t 0 thedues drie rRVERRBAGn f¥ctor is
noti on vector encoding and realize high-efficiency

5encodsrgle@i2@n( adyolkrnaacei deehenaediongtaBiBedpelween the

- sSwWi t chi

performng notion conpensation predictive inter-frane
encodragrettiyet gelferencedédamaer ahbotkeot cabvi-d@eoded
picture by using at |east one reference frane and a

not i oA*4BEt oRNE BetwEenenne mocbebéncédédrnmacr abhetkone

and the reference frane, the notion conpensation

predi EEfGECPREeEFRIENES endédidyailsyperhoehed agein so as to
t 0- be- encoded nmacrobl ock, between

_ Eg_ fgﬁ each
(a) theFrfstepPEAPELPR RbHET of 1 8RR AgnaRT| BASt SeAded

1Oencod§gt9 t Qtfrane as %he reference frane,
nd pre

15

20

25

b) the
seco i CETOR" - mode™ lﬁgiﬁﬁm%ﬁnﬁﬁEbBEdpFﬁéa%Eion is
franetﬁéntﬁ@rf@£ﬁ%83§?ﬂg£%ﬁgethéC%o%?%ntQéégor obtained as a

predi ction node o
result of the re-search.

<Effects>

Making a re-search for a motion vector near
the scaled motion vector candidate can realize a
higher~efficiency motion vector search with a smaller
computation amount and realize a high—efficiency motion
'compensation prediction with a slight increase in
computation amount. This makes it possible to perform
high-efficiency encoding.

(29} In a video encoding method of performing
motion compensation inter-frame encoding of a
to-be-encoded macreoblock of a video picture by using at
least one past reference frame and a motion vector
between the to-be-encoded macroblock and the reference
frame, the motion compensation predictive inter-frame

encoding is performed upon switching, for each




| i near sum of the encoded past and future frames as
the reference franme, and (d) the fourth prediction
node of ..15 using the linear sumof the plurality of
encoded past reference franes as the reference frane.
<Effects> 1In the case of B pictures (bi-directiona
predi ctive encodi ng) used for MPE&® vi deo encoding, a
20 prediction fromone forward frane, a prediction
from one backward frane, and an average prediction

from .forwar n ckward franmes are sw tched for .
each ?ﬁa@%ﬁﬁ%&@.ecfﬁ“atﬁ%é)bg\?&%ggjeﬁ”&ﬁ%t%ﬁ{amacgﬁ mping a
procegsirng f i a.oop filter to remuve 25

ori gi nal %ﬁa&%%tggngogf %enco |enéfer§&cgee‘:{ inl’?car%foé:r%%r?éé the

framegahber ey J-ma-me ng Lihe Jpredi Hé%qo fHﬁJ%ﬁ%@gﬁﬁpcoded

Not e, however, that a bi-directional predic o9

- di ffi glktoba okkka nbefer & ang %EE%Be@f%%%%§¥%§¥¥¥%b5¥g%e.the

hence a prediction is nade from one forwar

5backwapébeteam®deln firhinge ¢29¢aiRAnlOeR el i) e -effeclaq
wor ks, and the prediction efficiency decreases.

Accordangobodothe abhdappargetent oFf nedd), @MRWiRidg and
prediction fromonly a forward frane, since a

pr edi enfodipgctbeempsigeneeated. fromthe |inear sum
of a plurality of reference franes, the prediction

ef fi cFBREGCEEAR be inproved by the loop filter effect.
10 (31) In_(30), the prediction based on the linear
sum i ncl udBs PPReReeNnfespsrReCorbaNg | iimemotion

extrapol ation corresggnding to inter-frame distances.
<Eff ecp@Rensation predictiVe encoding, the overhead for

10
motion vector encoding influences the encoding
~efficiency. When, in particular, a picture with high
prediction efficiency is to be encoded or many motion
vectors are to be encoded because of a small macroblock
15 size, the code amount of motion wvector may become
dominant. According to the arrangement of (29), the
temporal correlation between the movements of plctures
is used such that a motion vector for a macroblock at
the same position as that of a to-be-encoded macroblock
20 in the immediately preceding frame is not encoded if
the macroblock can be used without any change, and a
motion vector for only a macroblock which is subjected
to a decrease in prediction efficiency when the motion
vector for the immediately preceding frame is used is
25 encoded. This makes it possible to reduce the overhead
for motion vector encoding and realize high-efficiency

encoding.




Even if the signal intensity changes over tine due 15
to fading or the like, a proper predictive picture can
be easily generated by linear .interpolation or |inear
extrapol ation froma plurality of franes. This makes
It possible to obtain high prediction efficiency. (32)
In a video decodi ng nmethod of pegfgrm ng 20 notion
conpensation predictive inter-frame decoding of a

t o- be- decoded macrobl ock of a video picture by using

a predeterm conmbination of a plurality of
ref erence n¥$§ﬁes'%n YR | PHCURERSr MpEhGBen  t erforming

t 0- beyfgS ock and, at, | east one reference

frame, (a?gg (gﬂ%%ggghﬁé TS U Wy W bfeatkdreeencoding of

error sSi A - he- decoded macr obl ock, the
e e e e R R RO o et ey using

first index indicating't co

of rehker ereetl2A d nramRs.edhe ﬁgah%%]gagﬂ#gaii(nbcégﬂ}rg?\;éc L2

conbi nation of |inear sum wei

or ef er et @crc okl @ek$e-and JdOLERL AN Hf tJH%'%ﬁé‘%%ference

10
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25

vector is decoded, (b) a plurality of reference

macr offkenks ahe aptﬁa&te@mb@@@éiﬂdﬁ3ﬂ¥éafgﬂfﬁ%E?hter_frame
reference franes in accordance with "the decode

i nf or AREPGANGS iSheemibirardvegbar sand dheg,deceded r,

information of the first index, (c) a predictive

macr obPoER~FECgERdr aredobyocil cblkaticey t(ag thiengak sgum

of the Eluratity of extracted reference 10 franes by

usi ngP T R EbABRNBPHBNCEf uAdnghekngehatt one enndidedt pa st

by the_decoded hnfornation of the second index, and

(d) a V?%%oa§i6 g|rggeagegaegrgyeaddbhgthhesecond prediction

predigtive robl ock and the decoded predictive error

si gna #oroggﬁ o7 ?ﬂee?ﬁgﬁggd tbHER AhemebREckbe reference
frame, {c) the third prediction mode of using the
linear sum of the encoded past and future frames as the
reference frame, and (d) the fourth prediction mode of
using the linear sum of the plurality of encoded past
reference'frames as the reference frame.
<Effects>

in the case of B pictures (bi-directional

predictive encoding) used for MPEG2 video encoding, a
prediction from one forward frame, a prediction from
one backward frame, and an averade prediction from
forward and backward frames are switched for each
macrobleock. In the average prediction, averaging
processing functions as a loop filter to remove
original image noise or encoding noise in a reference

frame, thereby improving the prediction efficiency.

Note, however,_that a bi-directional prediction is



15 <Effects> The data encoded in (1) can be decoded,

and the sane encoding efficiency inproving effect as

that in (1) can be obtained. (33) In (32), an index

i ndi cating the conmbination 20 of |inear sum wei ghting
factors is received as header data for each frane or

each set of a plurality of fra and the predictive

error signal, the index indicating the conbination of
reference franmes, and the notion vector are received

and deg %e_d faor each 25 macrobl ock. <Effects> The

dat a éir]rg dER it Y aken bisd odec Gdell, 2 HiRE thes @8 samenge, and
encoding efficiengy inpraoving effect as that in (2)

can b(lg’egﬁteaialﬂ?&Ed(l§$f°Pn 16350 frps) onshefqmemidenk backward

notio tor ..is,a nmotion vector associated with a
speci ?ir\é%%ﬁe af %htll’?ecﬁlsﬁr’alniot VOO refldredn & Fadmeeerks, and

win R Parerorr e Hittancd BEliear o Atcording to the

W th nter-frane i sta

5t 0- besd r-a th ef.erence fr.ane, and a '
ot i on’ ?gggggeﬁj&r %gnggﬁér‘ %Fegjotlﬁer Pé:feéj{léﬁ%émf &ijr?é‘é only a
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25

s gemferaked Byawsi ngitbe écﬁkgg%f%gg%p%éggu&%FE%?'%%ﬂ?rated

<Ef fects> The glata en_cogled n _ ecoded,
the saom eneodingaefl EuGi BRCY E?ﬁ?%!?%%)%%f%%%eé%nkﬂﬁ%rames,
n

in (3) can be obtained. 15 (3 , the notion
vect okhaspoedatedon tfficiency can be improved by the loop
filter effect. |

(31) In (30}, the prediction based on the linear
sum includes linear interpolation and linear
extrapolation correspondiné to inter-frame distances.
<Effects>

Even if the signal intensity changes over time due
to fading or the like, a proper predictive picture can
be easily generated by linear interpolation or linear
extrapolation from a plurality of frames. This makes
it possible to obtain high prediction efficiency.

(32) In a video decoding method of performing
motion compensation predictive inter-frame decoding of
a to-be-decoded macroblock of a video picture by using
a predetermined combination of a plurality of reference
frames and a motion vector between the to-be-decoded |
macroblock and at least one reference frame, (a)
encoded data including a predictive error signal for
each to-be-decoded macroblock, the first index

indicating the combination of a plurality of reference



the specific reference frane is a notion vector

normal i zed in accordance with-the inter-frane di stance

bet ween the reference frane and the frame to be

encoded. 20 <Effects> The data encoded in (4) can be
decoded, and the sane encoding efficiency inproving
effect as that in (4) can be ob%agned. (36) In (34),

the notion vector associated wt 5 the specific
reference frame is a notion vector for one of the
pluraljty of reference frames which corresponds to

t he gr%%%/%%?fi 2rifrea Hidvantedi¢ohinteafcampitation of
124 b coded. <Effects> The data encoded in (5) can

be de?&’ég?réﬁ?%Wﬁ%ggﬁﬂﬁﬂeﬁﬂﬁﬁﬁ?ﬁ ¥9% i te bpegnce macroblocks,

[ ' that i 5 (5 b bt ai ned.
57 RS5O O Bl R B e i o
O et PO DAIIBEN. LG L L O ¥ e ea £rom

associated with a specific

or ef er enge F}‘j@@%@ﬁ%@@ﬂ}ﬁr@n‘){e Qf a?nreﬁr glgaeirai,]ecntgoer aonce with

-t 0-be-encoded frame and the one or a

frames. The first "notion vector i's sca

accor dacela i Hf, [ et a’
addded he il dipd @r{éctﬁrog} ix%’%icetgqr and the

r ef er elcedadaieEo rAatldrOn &V ee{e0rs if,0lt %%‘he@&f &) t her

reference franes is generated by addi ng the 'scal’e 15

ot | opresdictr vandatchre bdickfke ienigiedle re@EOLY Qa8 ating the

received one or a plurality of reference frames.

linear sum of the plurality of extracted reference

10 frames by using the combination of welilghting factors

i5

20

25

-indicated by the decoded information of the second
index, and (d) a video signal is decoded by adding the
predictive macroblock and the decoded predictive error
signal for each of the to-be-decoded macroblocks.
<Effects>

The data encoded in (1) can be decoded, and the
same encoding efficiency improving effect as that in
{1) can be obtained.

(33) In {(32), an index indicating the combination
of linear sum weighting factors is received as header
data for each frame or each set of a plurality of
frames, and the predictive error signal, the index
'indicating the combination of reference frames, and the

motion vector are received and decoded for each

macroblock.

<Effects>

The data encoded in (2) can be decoded, and the



<Effects> The data encoded in (6) can be decoded, and
the sanme encoding efficiency inproving effect as that
in 20 (6) can be obtained. (38) In (37), the received
first notion vector is a notion vector normalized in
accordance with the inter-frame distance between the
reference frame and the frame to;bg encoded. 25

<Ef fect s> The data encoded in (7) can be decoded, and
the sanme encoding efficiency inproving effect as that
in 12 S btained. (39) In (37), the received
first SSrrat()Tt@ on ve(%lte% ?@fl%l%{Y R 519 f ok fomie @3 et in
plural ity @f, n&f engneg .4 rames which corresponds to
the greatest inter-frane 5 distance fromthe frame to

be encoded. (3REf fact 53547 d encoded i n. (8) can be
decoded, an% Rhe saﬁe %E%%d?%%}bf i%i%ﬁﬁ%ﬁé?éwwﬁﬁ%ﬁﬁ vector
ef f ectis, thatidif) vdBo:can e ol nad:, 10 L40), 4n. any, .

a

one of (32) to (39), when information ~associ %

St he nuveep lafraskitpped MRETQRIREKS i ged elct%f. Verdege%rved motion

each macrobl ock, and one or nore nmacrobl ocks are
ski pp&eCclairl imptsicen edediom cRlcerBfce WitMitiRd itQer—frame
decode each of the skipped nmacrobl ocks are i5 regar&%

- as 0. dBplasragbatpeedetéenitnetecarbionald ¥ a0k and the
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reference franes, reference macrobl ocks are extracte
from ERECPEDFSI fEymet reflepenotibnamestol poedhebic¥er or

other reference frames is generated by using the scaled

motion wvector.

<Effects>

The data encoded in (3) can be decoded, and the
same encoding efficiency improving effect as that in
(3} can be obtained.

{35) In {(34), the motion vector associated with
the specific reference frame is a motion vector
normalized in accordance with the inter-frame distance

between the reference frame and the frame to he

encoded.

<Effects>

The data encoded in (4) can be decoded, and the
same encoding efficiency improving effect as that in
(4) can be obtained.

{36) In (34), the motion vector associated with
the specific reference frame is gz motion vector for one
of the plurality of reference frames which corresponds

to the greatest inter-frame distance from the frame to
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macr obl ock is generated fromthe plurality of
reference macrobl ocks by a |inear sum based on an

i ndex 20 indicating the conbination of the received
i near sum weighting factors. The predictive
macrobl ock 'is used as a decoded picture. <Effects>
The data encoded in (9) can be decpded, and the 25
same encodi ng efficiency inproving effect as that in
(9) can be obtained. (41) In any one of (32) to (39),
when bgfgﬁggbb%n 126 associated wth the nunber of
ski pped nacrobl ocks is received for each macrobl ock
and onefgkcmRRe macrobl ocks are skipped, reference
macr obl ocks are extracted, for each of the skipped

macr obl ockghef M5 etnf&d@dﬂl%l ity Qfan Qﬂ‘eefo%%%é‘c{ anE®s the

by using a notion vector for the imediately

previ edsky ceneadad eﬁ&@t@@h@@k1Wb&6@@hgb@ﬁﬁgc%kb%p%@at in
and a predeternined conbination of a plurality of

ref er éfgtechnabesobfaipeedi ctive macrobl ock is

generated fromthe plurality 10 of reference franmes by

a linear sum/basédh diZanamdéd )15 thedireatiivgd hetion vector
conbi nation of the received |inear sum weighting

fact ot 8. aTHéTHrEdnEdpve VREEPBDPEE KR thenflusédmasian
decoded picture. <Effects> The-data encoded in (10)

can b%eageadéa?Oéhatﬁﬁer§ané ERE6AIFAG enfi efelibg plurality

[ rovi.n ffect as that in 10) can be obt ai ned.
np of ge%erence %rames and gno{her or other reference

frames. The first motion vector is scaled in
accordance with the inter-frame distance between a
to-be-encoded frame and the cone or a plurality of
reference frames. A motion vector for another or other
reference frames 1is generated by adding the scaled
motion vector and the differential vector for the
received one or a plurality of reference frames.
<Effects>

The data encoded in (6) can be decoded, and the
same encoding efficiency improving effect as that in
(6) can be obtained.

(38) In (37), the received first motion vector is
a motion vector normalized in accordance with the
inter-frame distance between the reference frame and
the frame to be encoded.
<Effects>

The data encoded in (7) can be decoded, and the

same encoding efficiency improving effect as that in




5

(42) In (40) or (41), the predeterm ned conbination

.of reference franes includes imediately 20 previously

decoded two frames. <Effects> The data encoded in

(11) can be decoded, and the sane encoding efficiency

improving effect as that in (11) can be obtained. 25

(43) In (40) or (41), an index i1A& cating the

predet ermi ned conbi nation of reference franes is

recei ved as header data for an encoded frane, and a

127 skyppggnn@§r89£gggegs decoded in accordance with
ex

the 1Ind fects> The data encoded in (12) can be
decoded, anpggthern5(same enesodipgi@bhi ¢ieney nbMHAViRGtor is
effect as that in (12) can be obtained. (44) In any

one of h32)ohovédr WBeNchafefMmahbopluassoeyabedrwfthence
t he nunber of skipped macrobl ocks is received for

each reatiebl wickch andr onepondaote ibDenmgecabketksnaee-frame
ski pped, all notion vector elenments required to

decoddi eaahcef ftdmwe SkeppPeadmaateobtoeksoded. regarded

as 0. By using an index indicating a conbination of a

pl urafEtyeotsref erence franes in the innediately
precedi ng nmacrobl ock encoded w t hout bein

" ski pped, . Fetefleheechaetenl dekdBar eaexPra ?éﬁdﬁﬁenﬁpﬁethe

10

15

20

25

plurallty of reference, franmes, and a, predictive
nacro%%%%ke@%oﬁé%%r%FEHCf?%ﬁ¥tﬁ%pBPﬁiﬁgu?§ gFt as that in
refersg crobbgcks gy a linear sum based on the

recei V&d can tneds

(40) In any one of (32) to (39), when information
associated with fhe number of skipped macroblocks is
received for each macroblock, and one or more
macroblocks are skipped, &ll moticon vector elements
required to decode each of the skipped macrcoblocks are
regarded as 0. By using a predetermined combination of
reference frames, reference macroblocks are extracted
from the plurality of reference frames. A predictive
macroblock is generated from the plurality of reference
macroblocks by a linear sum based on an index
indicating the combination of the received linear sum
weighting factors. The predictive macroblock is used
as a decoded picture.
<Effects>

The data encocded in (9) can be deccded, and the
same encoding efficiency improving effect as that in
{9) can be obtained.

(41} In any one of (32) to (39), when information



conbi nation of linear sum wei ghting factors. The 20
predi ctive macrobl ock is used as a decoded picture.

<Ef fect s> The data encoded in (13) can be decoded, and
the sanme encoding efficiency inproving effect as that .
in (13) can be obtained. 25 (45) In any one of (32)

to (39), when information assodizaed wth the nunber
of ski pped nmacrobl ocks is received for each
macr obl ock, and one or nore 128 macrobl ocks are

SkippggsoEQE%Eén%§ ﬁa%ﬁgbbg&féraﬁgrs%ﬁ&#ﬁﬁiﬂ1cﬂaﬂiocks is

each o |ppe macr obl ocks ur al

of referen¢edf FaFeeaBY HSLRELACIRLT ARy VoGt O the
i medi ately previously encoded 5 racrobl ock Wit out

bei ngmgkirppedcardazg BR@@pedln@b@@&b&&eaM@@?@HT@dM§7are
of a plurality of reference franes in the imedi ately

pr ecedikngamaetpblfoek cappoded the shawh einag okiipRed, Arom
predi ctive macrobl ock is generated fromthe plurality

50f retheeptertidmgsolily raft@echicredrasem bysedion anmotion
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i ndex indicating the conbination of the received

| i nearesaarwépghtibrgifimetiorsel¥hprepredisdtyi eacoded

macrobl ock is then used as a decoded picture.

<Ef f eB@§E0obigCkheldaputehednad skarped) apgh abpredeseadined
and the _sane encodlng ef ficiency inproving effect as

t hat Fﬁmbmayleanoée oBL¥FAedLY( 26) rreﬁeaﬁw@nér@fne(ssz) A
dlffePgﬁg rgggé¥gapgﬂcklgg ég%%%gted %g%%d% e plurallty

of reference frames by a linear sum based on an index
indicating the combination of the received linear sum
weighting factors. The predictive macroblock is then
used as a decoded picture.

<Effects>

The data encoded in (10) can be decodéd, and the
same encoding efficiency improving effect as that in
{10) can be obtained.

(42} In (40} or (41}, the predetermined
combination of reference frames includes immediately
previously decoded two frames.
<Effects>

The data encoded in (11) can be decoded, and the
same encoding efficiency improving effect as that in
{11) can be obtained.

(43) In (40} or (41}, an index indicating the
predetermined combination of reference frames is

received as header data for an encoded frame, and a



20 respect to a notion vector predicted fromone or a
plurality of adjacent macroblocks within a frane. A
predi ctive notion vector is generated froma decoded
notion vector for the plurality of adjacent
macr obl ocks. The predictive notion vector is added to
25 the received notion vector tda2decode the notion
vector for the correspondi ng nmacrobl ock. 129

<Ef fects> The data encoded in (15) can be decoded,

and tQEiﬁggg)ﬁQEQ 'ﬂ&c%{EECHSESée%ZE§°¥EEQrSBB%%tw?%h the

that In can be obtal ned. n any one o
(32) £Rq£39), the following is the 47th
characteristic feature. The received notion vector is
encodegdrascasdifferential notion vector wwth respect
to a notion vector predicted froma notion vector in
a macrobl orkeatiat heefagBepgosht i(0R) i Bahh®el@ecoded, and the
i medi ately preceding frane. By adding the received

5not | opanectocodidgt hef ol épayvenpoovpnegdectfedtf memihhe in
decoded notion vector in the macrobl ock at the sane
posi t i bh) asanhae dhteheednmedi ately previously decoded
frame, the notion vector for the correspondi ng 15
macr obl ock (#8) deébdedy ©refpéctd3) The (ddla whepdédfiogmation
(16) can be decoded, and the sane _encodi ng efficienc .
i mpr o¥F RGP Fedtwhkh t Hae Wﬂbﬁcﬁfcéhlaeegbwapﬁ@aloz%s is

(40) e S el (30 plor(0he epheselved o on
10 macroblocks are skipped, all motion vector elements
required to decode each of the skipped macroblocks are
regarded as 0. By using an index indicating a
combination of a plurality of reference frames in the
immediately preceding macroblock encoded without being
15 skipped, reference macroblocks are extracted from the
plurality of reference frames, and a predictive
macroblock i1s generated from the plurality of reference
macroblocks by a linear sum based on the received
combination of linear sum weighting factors. The
20  predictive macroblock is used as a decoded picture.
<Effects>
The data encoded in (13) can be decoded, and the
same encoding efficiency improving effect as that in
(13) can be obtained.
25 {45) 1In any one of (32) to (39), when information
assoclated with the number of skipped macroblocks is

received for each macroblock, and one or more



5

10

15

20

25

vector . with respect to a notion vector predicted from

a notion vector for one or a plurality of adjacent
macr obl ocks in a frame and a notion vector for a 25
macr obl ock at the sanme position in the imediately
preceding frame. A predictive notion vector is
generated froma decoded notion yegtor for the 130
plurality of adjacent nacrobl ocks and a decoded notion
vector for a macroblock at the sane position in the

I mredi.at j d franme. By addi t he

pr edi g?dlc\?]e(:}b r%trgjtrclq%én o‘-:l\L/jié c %/So]%%}ge "t he feeji:ee% eyedn%]f (gig}]o‘gks are

vect Ofey it he- vt | g, %%th{ JPftH$%@ﬁ5§e§§%£9}£§%c § from

macr obl ock i s decoded. <Effects> ta énco

17 , ' fflcl .
ot vy T et o R T e n A T D e M SR on

(49) hiecary cre @he 4&ndd «t418) pr W€ N UABLAAD
associ ated with the nunber of skipped macroblocks 1s

recei wee riobrl ceke b irmeiablieckg and 19l AN index
macr obl ocks are ski pped, reference macrobl ocks are 15

ext r adned cafrdmgeac lvcot itnfae ioki pfedh mHarehliocksy f fredMrence
the plurality of reference frames by using the

predi érppesmin dghevdotred iad ed ynptricsrediect aradmrbtdiec encoded
ski pped macrobl ock and a predeterm ned conbi nati on of

a  pl UEARPHYy BEingt sképpedchr afePredistddiecmianroblock is
macrobl ock .20 is generated fromthe plurality of

r ef er BREETALEReS TR TR Prazpldlim Bdse¢ierensa daganes by a

| i ca%LRd B8, 8372 AR Shdbhe LSy e o Tt
wei ght'R§ g e combination
of the received linear sum weighting factors. The
predictive macroblock is then used as a decoded
picture.
<Effects>

The data encoded in (14) can be decoded, and the
same encoding efficiency improving effect as that in
(14) can be obtained.

(46) In any one of (32) to (39}, the received
motion vector 1s encoded as a differential vector with
respect to a motion vector predicted from one or a
plurality of adjacent macroblocks within a frame. A
predictive motion vector is generated from a decoded
motion vector for the plurality of adjacent
macroblocks. The predictive motion vector is added to

the received motion vector to decode the motion vector

for the corresponding macroblock.



factors. The predictive macroblock is then used as a
decoded picture. .25 <Effects> The data encoded in

(18) can be decoded, and the sanme encodi ng efficiency
improving effect as that in 131 (18) can be obtai ned.

(50) In any one of (46) to (48), when information

associ ated with the nunber of skidfhed macrobl ocks is

recei ved for each macrobl ock, and one or nore 5
macr obl ocks are ski pped, reference nmacrobl ocks are
extraetedechker each of the skipped nmacrobl ocks, from

the plurality of reference franes by using a notion
vect or obt ahredalty: addiodgada im0Ot(i10) 6t We ficdd®, and the
i mredi ately precedi ng nmacrobl ock encoded w t hout being

10 skippedenhootihegprédiicteneymimpeowneet @ffard as that in
predet erm ned conbination of a plurality of reference
frame$lSA predbet pbéammnedobl ock is generated fromthe
plurality of reference frames by a |inear sum based on

San index irdi’¢at LAg ahie caenbifndid2on tef ¢3% r éde Vied licwving is
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i near sun1me| ghting factors. The predictive
macr obP8ck ' F8 Fﬁéﬁa8§§al§§1§ deasded -pi dhgr geceived motion

<Ef fectsp The data oded [ % % can be decoded, and
the Y&hk® En&ﬁd?ﬂﬁo E?eﬁca FBEEREAG lefPédrragerkgr with

Lﬂe pre%é?érﬁ?ﬂe% g%@#ﬂi??8§53%rF§F%Fgﬁ)grPFaﬁEQOtlon

i ncl uglesebpoini IRILALEY ¥R SY1 OHE! ¥aAECRASd ELATER: the
immediately preceding frame. By adding the received
motion vector and the motion vector predicted from the
decoded motion vector in the macroblock at the same
position as that in the immediately previously decoded
frame, the motion vector for the corresponding
macroblock is decoded.
<Effects>

The data encoded in (16) can be decoded, and the
same encoding efficiency improving effect as that in
{16} can be obtained.

(48) In any one of (32} to (39), the received
motion vector is encoded as a differential motion
vector with respect to a motion vector predicted from a
motion vector for one or a plurality of adjacent
macroblocks in a frame and a motion vector for a
macroblock at the same position in the immediately
preceding frame. A predictive motion vector is

generated from a decoded motion vector for the



<Effects> 25 The data encoded in (20) can be decoded,
and the .sane encoding efficiency inproving effect as
that in (20) can be obtained. . 132 (52) In (49) or
(50), an index indicating the predetermn ned

conmbi nation of reference frames is received as header
data for an encoded frane, and al3&ki pped macrobl ock
is decoded in accordance with the 5 received index.
<Ef fects> The data encoded in (21) can be decoded,

and t heursane vereodiala ehfd G=enc1dBouNg £f -
t hat Pn (21)y§an beaobtainegl 10 (53) Iﬁﬂgﬁy({ﬁégﬁéﬁsmOtlon

(46) wec(4d) fowhenmakhirenratdkon &m@ﬂ@%d’gi@léﬁﬁn the
nunber of ski pped macrobl ocks is received for each

mecr ohhoeki aard yope cot oy dmRe] auksear e BKIRRBGg the
ref erence macrobl ocks are extracted, for each of the

ski ppedemacitalkeonks iofir omcite rt herdpltaalddae iafed motion
reference frames by using the predictive notion
Svect oFeasoy, mbhieonotéonorvetdiort Her dhiepped rregookl ek
and an index indicating a conbination of a plurality
of reMBFEABéOFKakEsdpACERE- | nredi atel y preceding
nacrobIS%k encoded wi t hout being 20 skipped. A
predi CFFYBChECrobl ock is generated fromthe plurality

of referen frames b i near _sum based on an i ndex
indicating%ﬁﬁedggﬁbﬁﬁépgsﬁ of tHe /v &8&1 W&d dagosies smd the

weLIELR Lachassy ThespLediet e oMRRLoRkeky 35 MEL: n
10 (17) can be cbtained.

{49) In any one of (46) to (48), when information
associated with the number of skipped macroblocks is
received for each macroblock, and one or more
macroblocks are skipped, reference macroblocks are

15 extracted, for each of.the skipped macroblocks, from
the plurality of reference frames by using the
predictive motion vector as a motion vector for the
skipped macroblock and a predetermined combination of a
plurality of reference frames. 1A predictive macroblock

20 is generated from the plurality of reference frames by
a linea; sum based on an index indicating the
combination of the received linear sum weighting
factors. The predictive macroblock is then used as a
decoded picture.

25 <Effects>

The data encoded in (18} can be decoded, and the

same encoding efficiency improving effect as that in



25 <Effects> The data encoded in (22) can be decoded,
and the sane encoding efficiency inproving effect as
that in 133 (22) can be obtained. (54). In any one of
(46) to (48), when information associated with the
nunber of skipped macrobl ocks is received for each
macr obl ock, and one or nore 5 nelcilobl ocks are ski pped,
ref erence macrobl ocks are extracted, for each of the
- ski pped macrobl ocks, from the plurality of reference

framegibBy generat bR@adneclDtion vector by adding a
differential notion vector for the imediately

precedi ng ﬂ&@nObhﬁﬁﬁn@nQﬁﬁﬁ%f1Q@MtfHB”t@ﬁ'”%ﬁﬂﬂlﬂ%ﬁ%rmatlon

to the predictive notion vector and using an index
I ndi caskspgiatednbiinat the alumderplur aldippcdf maefrerarcss is
frames in the inmediately precedi ng nmacrobl ock
encodedceilvhdutfobeienghs kiappet.l o&kpr edidc binee oramoall ock
is generated fromthe plurality 15 of reference

5f r aneBabyohlpickear reumkbaped, omedr riendex maicmdbdaiciksg are
the conbination of the received |inear sum wei ghting
f act ofF$LTTRESHr edPEt PREDNAREr SBPOCK PP erhBRCrabd@Ccks afrom
decoded picture, <Effects> 20 The data encoded in
(23) taR Biuaéibaéfdofaﬁaf?ﬁ@m@aﬁéa@ﬁéoawse\ﬂﬂ. @i Bp&yon

i nproving effect as .t i n be obtai ned.
(55 Yro2ofi 886 48800 o HBLRbd=OFSpaPTorRERGY ot she
CoTPERALA R I LR CToRIEL RN FRgE besos
10 skipped to the predictive motion vector and a
| predetermined combination of a piurality of reference
frames. A predictive macroblock is generated from the
plurality of reference frames by a linear sum based on
~an index indicating the combination of tﬁe received
15 linear sum weighting factors. The predictive
macroblock is then used as a decoded picture.
<Effects>

The data encoded in (19) can be decoded, and the

same enceding efficiency improving effect as that in
Z0 (12) can be gbtained.

{51) 1In (49) or (50}, the predetermined
combination of reference frames includes two
immediately previously decoded frames.
<Effects>

25 The data encoded in (20) can be decoded, and the
same encoding efficiency improving effect as that in

{20} can be obtained.
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a predeterm ned conbination of a plurality of

reference franes and a notion vector between the

t 0o- be- decoded 134 macrobl ock and at | east one

reference frame, (a) encoded data including a

predictive error signal for each to-be-decoded
macr obl ock, the first index indi3ating the

conbi nation of a plurality of reference 5 franes, the
second i ndex indicating the frame nunber of an

encoded framp,) amd i(abor 6Bt i(@m)0f shhe HERLI QR MEGEANhg the
is decoded, (b) a plurality of reference macrobl ocks

are epteaetedminem tbhabpherabht yrokeretereacerbnares s

in accordance with the decoded information of the

not i oned@ivedt as hAnddtheddeaoded knfenmatican retmkheand a
first index, (c) the inter-franme distances between

t he pturmapetlymetrobébekensedtranes andathereneaadedith the
frame are calculated in accordance with the decoded

i nf or racebredf indexsecond i ndex, (d) a predictive
macr obl ock is generated 15 by calculating the |inear

sum ofEfRechfural ity of extracted reference

macr obl ocks. usi.ng wei ghting factors deternined in
accordanceTRFtﬁagﬁeeEEPéﬁﬁaFQd(zﬁﬁtéﬁDfP§n€e§P§€§m0é§§ the
and (e% a vide&.signg%.is decoded bg addiEg t he )
pr edi TtV HECT OB 0Bk ARYCPHE 2BPHRELREdSpFEGFcRPVERat in

error sign <E >.The data encoded in (24) can
be deé%%gdsggn%etééggééﬁg'encoding efficiency

ng;oYLng s%gzgtégiggpﬁgngndﬁ(gﬂkgcﬁe Q@B??tahgﬁd?n%érmation
g nethod of perfornm ng Tnofion

conpensabt oot fa e ehi ¥Rel ALRP2Er 8FBsHeEPEAENGaRtoblocks is
received for each macroblock, and one or more
macroblocks are skipped, reference macroblocks are
extractéd, for each of the skipped macroblocks, from
the plurality of reference frames by using the
predictive motion vector as a motion vector for the
skipped macroblock and an index indicating a
combination of a plurality of referénce frames in the
immediately preceding macroblock encoded without being
skipped. A predictive macroblock is generated from the
plurality of reference frames by a linear sum based on
an index indicating the combination of the received
linear sum weighting factors. The predictive
macroblock is then used as a decoded picture.
<Effects>

The data encoded in (22) can be decoded, and the

same encoding efficiency improving effect as that in



a to-be-decoded macrobl ock of a video picture by using
135 at ‘| east one past reference franme and a notion
vector between the to-be-decoded nmacrobl ock and at

| east one reference frame, (a) encoded data including
a predictive error signal for each to-be-decoded 5
macr obl ock arid i nformation of &dé of the encoded

~first notion vector or a flag indicating the use of

5

the second notion vector for a nmacrobl ock at the sane
intrardsraneaPoskt biepzasedn an i mredi ately previously
encoded frane are received and decoded, (b) a 10

predi ctive(pagrobhogkyi sngesér aued by ugbng twhen information
decoded first notion vector for a to-be-decoded

macr obd oeki oed whtbhthbhenumbernafi ehippetiheatiroblocks is
notion vector is received and using the second notion
vect ored¢@ivad forbeadecodedomacebbl sok doe ohi vhrehe

flag is 15 received, and (c) a video signal is decoded

by adeagebinekpradecskieratder 6pfoERNGAdNRAECPLOCks are
predictive error signal. <Effects> The data encoded

in (2teanRt e deebdeachand Fhe Sﬁepgéﬁeméﬁéaﬁﬂﬁﬁksf from
efficiency.i pving_effect as that in _(29) can_ _be

bt i el BHETRL Dby 0T v FaES: BRcaar AGT B RbaoBRCtat iy a

perfor

Bocodife g TtbOR S doRanba RoR bb BER bY ok Uphag F8Ctor
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pi ct WS byhgsimedEgFg% %%gag%{@ﬁg%ap%wsay Bficodea

t o- be-decodéd nacro _ “I'east one reference
framg,; {RIuencoded dat p?egp%ughegpkaé%e%boaoeﬁoﬁ vector

predictive error Signha
and using an index indicating a combination of a
plurality of reference frames in the immediately
preceding macroblock encoded without being skipped. A
predictive macroblock is generated from the plurality
0of reference frames by a linear sum based on an index
indicating the combination of the received linear sum
weighting factors. The predictive macroblock is then
used as a decoded picture.
<Effects>

The data encoded ih {(23) can be decoded, and the
same encoding efficiency improving effect as that in
(23) can be obtained.

{55) In a video decoding method of performing
motion compensation predictive inter-frame decoding of
2 to-be-decoded macroblock of a video picture by using
a predetermined,combination of a plurality of reference

frames and a motion vector between The to-be-decoded
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136 each to-be-decoded macrobl ock, prediction node
information indicating one of the first prediction
node of using at | east one to-be--encoded past frane
as the reference frame, the second node of using a 5

t 0- be-encoded future frane as the reference frane, the
third prediction node of using tilza |i near sum of

t o- be- encoded past and future franes as the reference
frame, and the fourth node of using the linear sun1of

the p%&é?é?i%cﬁfaES be- engoded, past <L LAER 94 @h

reference frane, and the rnformation o

vect 0k, k§ scaaygdlﬁeﬁué§ﬁgdsd éeiceleeengBkv nal for

macr o Ioc signal 1s gener ted y usi ng the predi ¢tf'on

mode é@éﬂfﬁ@LbQﬂd@BQdEBeméBEQBﬂBEkontHE the sEDt haBx
vector, and (c) a video signal is decoded by addi ng

t he 15n@£@QtthVﬁhaaébﬁBhﬂ§81§h96@|aaﬁ@uEBQ1@9C@@egeference
predictive error signal. <Effects> The data encoded

in (30yamasn, behdesodedd andekhéndsaneifgcedengrame number of
efficiency inproving effect as that in 20 (30) can be

obt ai meden¢&83d| Aré&bZ) , ahtieipfedngtion basedeomothen vector
linear sumincludes linear interpolation and |inear

ext r apdl deronedor Kespondingat ot noér réfanmendesnanceslocks
<Ef fects> 25 The data encoded in &31) can be decoded,

and thee SaReaeheddihgnet P cPENEY L ibr o] Agfereree 4sames in

that in égl can, be obtai ned. 137
- accordance with the decoded information of the motion

vector and the deccded information of the first index,
{c) the inter—-frame distances between the plurality of
reference frames and the encoded frame are calculated
in accordance with the decoded information of the
second index, (d} a predictive macroblock is generated
‘by calculating the linear sum of the plurality of
. extracted reference macroblocks using weighting factors
determined in accordance with the calculated
inter-frame distances, and (e) a video signal is
decoded by adding the predictive macroblock and the
decoded predictive error signal.
<Effects>
The data encoded in (24) can be decoded, and the
same encoding efficiency improving effect as that in
(24} can be obtained.
(56) In a video decoding method of performing
motion compensation predictive inter-frame decoding of

a to-be-decoded macroblock of a video picture by using




(59) In a video encodi ng nethod of performng notion
conpensation predictive inter-frame encoding of a

t o- be- encoded macrobl ock of a video picture by using
at | east one reference franme selected froma plurality
5 of reference franes and a notion vector between the
t o- be- encoded nmacrobl ock and at 1¥ast one reference
frame, the notion conpensation predictive inter-frane
encodi ng i s skipped with respect to a to-be-encoded

”acrOQEOQ%a@%e%n%h%a@Qt' g %%%E%rf%%hQPQQEﬁaamg%lon vector

predi ctive vector Selecte romnotion vectors f

pl ur abikyeh ﬁ%%rQQL%%hEé@$d%%e%%c&%bh%%k;%n@e 28N6ded one
macr obl ock of "the video picture, at |east one

ref er eagerchcangrseleectied kokckke batheierqodesdy
macr obl ock coi ncides with the macrobl ock fron1mh|ch

t he ppedddtitiee esrvectdiniad Felreeked, tarbeablecoded
t o- be-encoded predictive error signals in the notion

5 conpensatiobid opkedngt iwd ormatéonf pdmeneneddithg anedded first
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and the nunber of macrobl ocks for which the nption
conpensét-ponvepgitedi ot e filagerdnfiamt iegc ddiengsiesof the
ski pped in 20 perform ng noti on conpensati on

pr edi EEFQBCi RPELOPr HRELOENEGYI Aglerrohéopéxat the same

t o- be-encoded nacroblock is encoded. <Effects> As in
(22), lﬁgEPo%FGEE BREPPIAG RS Pf PBi éRFPGiated yupsgvhpusly

usi ng _not gg %ector/reference frame sel ecti.on

corr eFatrg rswelﬁFSrIFFSﬁSEBréB cEF6RIBE wdBh 2@
o30SRk TREL O LR TILR B BB el Becoued
first moticon vector for a to-be-decoded macroblock for
which the information of the first motioh vector is
received and using the second motion vector for a
to—be—decoded macroblock for which the flag is
received, and (¢} a video signal is decoded by adding
the predictive macroblock and the predictive error
signal.
<Effeéts>
The data encoded in (29) can be decoded, and the
same encoding efficiency improving effect as that in
(29) can be obtained.
(57 In a vidéo decoding method of performing
motion compensation predictive inter-frame decoding of
a to-be-decoded macroblock of a video picture by using
a motion vector between the to-be-decoded macroblock

and at least one reference frame, {a) encoded data

including information of a predictive error signal for



efficiency. In addition, when the use of the sane
reference frane reference franme as that of an adjacent
macr obl ock used for a prediction of a notion vector is
5 set as a skipping condition, macrobl ock skipping can
be caused nore efficiently by using a correlation

bet ween adjacent macrobl ocks bassd on a conbi nation
of a notion vector and a reference frane. (60) In a
vi deo encodi ng net hod of perform ng 10 notion _
conpepsahl oB-PLediehiak hakebnhlase %&%%q'c%qo%f mofe

t o- be- encoded nacrobl ock of a video picture by using

at | eagkoenathbhStnbetarenge hiate 2glketied f LOMAB tion mode
plurality of reference frames and a notion vector

bet ween tikentoaheienscededemaerebl-ack ard FB%th&§he'%s
reference frane, a predictive error signal obtained by
t he mehkomecempansatiramepr €flieCsieenidninetiel b&Msing a
encodi ng, the differential vector between a notion :
5vect okcubedehapdehie fmabiren feanpe nsathen rpfedieatievérame, the
inter-franme encodi ng and a predictive vector sel ected
20 fr ottt boadiettionsmpdewednushegsébendineber enmeof
frame and a plurality of macrobl ocks adjacent to the
t 0- betenbgdencraefopreEK andndut e edif PeeenBisatheargéerence
bet ween an index indicating the first reference frane
and ah’PRBex2PHRAIFESt FRYTtHeNeEB0RE HEfBFehBE fiBRBIapEm Of

25 ded. <Effects> As in (15) to (17), noti
vect of REnPOPRALE G P& T3°ET FPEPERCy PeREbABEREY B8 e

lOthe C?E%Skghkgangﬁgﬁegﬁdn9 Eoﬁn¥89th§ogeg¥e%ﬂe motion

.~ adj acen

nmacrobl oc¢
vector is received and decoded, (b) a predictive

macroblock signal is generated by using the prediction
mode information and the information of the motion

vector, and (c) a video signal is decoded by adding the

15 predictive macroblock signal and the decoded predictive

error signalp
<Effects>
The data encoded in (30) can be decoded, and the

same encoding efficiency improving effect as that in

20 {30) can ke cbtained.

{58} In (57}, the prediction based on the linear
sum includes linear interpolation and linear
extrapolation corresponding to inter-frame distances.

<Effects>

25 The data encoded in (31) can be déecoded, and the

same encoding efficiency improving effect as that in

{31) can be obtained.



addition,-with regard to an i ndex associated with a
frame, of a plurality of reference franes, to which 5
each macrobl ock refers, the differential val ue between
an index indicating a reference frame in an adjacent
macr obl ock from which a predictive vector is selected
and an index indicating a referéde frane in a

t o- be- encoded macrobl ock is encoded. This makes it 10
possi ble to inprove t he encoding efficiency of an

i ndex i ndi@calyi nga.refierenesbuamg Betdidng t BRrforming
correlatlon betmeen adjacent macr obl ocks based on a

conbi patiieR ebmpRnlRtien yeehertand anteferense bhatBing of
This can reduce the encodi ng overhead and perform

hi gh- gf fFibcheneycviddaomatrobneedi Bg. a( @1debnpd ct@@Oby using
decodi-ng nethod of perform ng notion conpensation

pr edi ati Veaisit efef ratferdecedifngmef sedccache fadeaodeglurality
macr obl ock of a video picture by using a notion

S5vect opb fhebdeerncke firembe- dedodemomaonowba¢br2®eaw@eatthe

| east one reference frane selected froma plurality

of reftererncentogsdsnatcapbdrcsdedddata leaisticiong mgfgrence
predictive error signal for each to-be-decoded

nacr oBre8R » Wheh mog 1Bt §Pﬁ‘@én§\?tﬁ=ﬁpl ﬁedééﬂ%ﬁéfﬁséﬂt@ﬁ frame
predictive inter-frame enco t he

ImTedPé‘FéF%%ngr d¥i $Pyeskt ﬁﬁbd%ﬁﬁeﬁsﬂs ge gﬁ&e-encoded

informati o dicatin

d t
selecF@&rPgﬂganggggrgﬁglngt?geeygggogngo&gggﬁgg,a(b)
10140 one 528 di;cL \G%C\egg o1kt sc36l %gfyad fortq ML s for a

vect OP a pI urality 0 macr obl OCKsS acent to

the SEHBEQQ&t@H%EOREEQ%ble%ksaaaﬁ%@bﬁ%‘%% %ﬁ%ngl%%Kencoded

is ge erate
macroblock of the video picture, at least one reference

frame selected for the to-be-encoded macroblock
coincides with the macroblock from which the predictive

15 vector is selected, and all to-be-encoded predictive
error signals in the motion compensation predictive
inter-frame encoding are 0, and the number of
macroblocks for which the motion compensation
predictive inter—-frame encoding is skipped in

20 performing motion compensation predictive inter-frame
encoding of the next to-be-encoded macroblock is
encocded.
<Effects>

As in (22), macroblock skipping is efficiently

25 caused by using motion vector/reference frame selection

correlation in an inter-frame prediction between

adjacent macroblocks. This makes it possible to reduce



accordance with at | east one reference frame for the 5
macr obl ock from which the predictive vector is
selected and the predictive vector, and (d) the
predictive nacroblock is output as a decoded picture
signal of the skipped macrobl ock. <Effects> 10 The
data encoded in (59) can be decddéd, and the sane
encodi ng efficiency inproving effect as that in (59)
can be obtained. (62) In a video decodi ng nmethod of
per f of i NgncHBL h9NoGOPRENgabhANi RE T EL tNE bRtSAThane
decoding of 15 a to-be-decoded macrobl ock of a video
pi ct userbyidsk Ny ATADLEQDL Y6E6] OkhBEt ¥BENUEBEOE the same
t 0- be- decoded macrobl ock and at |east the first
ref erepcerénasersehectetefentearrpharaki tyaofof an adjacent
reference franes, (a) encoded data including a
pr edicdtvebbocbrusedgnabrobt areddcbyonmpdioa BOtion vector is
conpensation predictive inter-frame encoding, the

5 di f f erent fal avekippibet aeedibient i bacyekiockuskipponrg can be

~the notion conpensation predictive inter-frame
encodiagsednicrepeééieienblvekYorsiey et AT FROAT PR Petween
notion_  vectors between a plurality of macrobl ocks ,
adjac%ﬁiaF%HESm?ﬁéOP%QBESdgéﬁﬁgdoﬁa%rS%WB%RaEhantﬂ@ a motion
second referen and_the differential value

e frane
bot woRRCEAE FRfS? TFRGERRFRAFEREENg ¢ he
fi t. f d th i .
iké?ca[?nSQ?ﬁZese%§%3V?§FSrSﬁgéé%Piﬁéggﬁaan?§§8F5£8rml“g
10 and Q§§998 ,c&@%eﬁgsFﬁéﬁd¢£%§ygﬁy@&t9ﬁté§-f§§ﬁ@0%§éoding of
nmacr o oC e

fromthe plurality o s adjacent to tf
t 0- be; desodedeArsHell ASKrobtdckhgsr MRt DB YL 8FutS by using

at least one first reference frame selected from a
plurality of reference frames and a motion vector
between the to-be-encoded macroblock and the first

15 reference frame, a predictive error signal obtained by
the motion compensation predictive inter-frame
encoding, the differential vector between a motion
vector used for the motion compensation predictive
inter-frame encoding and a predictive vector selected

20 from motion vectors between the second reference frame
and a plurality of macroblocks adjacent to the
to-be-enccded macroblock, and the differential value
between an index indicating the first reference frame
and an index indicating the second reference frame are

25 - encoded.
<Effects>

As in (15) to {17), motion vecior information is



5 reconstructed by adding the selected predictive
vector and the decoded differential vector, (d) the
first index is reconstructed by addi ng the index of
the reference frame for the macrobl ock fromwhich the
predictive vector is selected and the decoded 10
differential value, (e) a predidid%e nmacroblock is
generated-in accordance with the reconstructed notion
vector and the reconstructed first index, and (f) a

decoded £k £¢@RSYT UGLBACRI BLULE i8K9M8k @brtheation betueen
t o- be- decoded macrobl ock i's genérated by adding the 15

gener ahedopr ediebirvepergtebl aelk a2rett hecdeeadedts. 1In
predictive error signal. <Effects> The data encoded

'in (6@pdeanche degadedgaaad tbhan samexeneedicigted with a

efficiency inproving effect as that in 20 (60) can be
obt ai fiedmepsodeacpilbedlahgvet viedeaeeweodirageandto which

-decodi ng processing nmay be inplenented as hardware

5(appaeatbsmsﬁrOOdonayrbéemﬁpléh@nﬁedfbyegéﬂBWaNeluslb@tween

10

15
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a conputer. Part of the processing may be inplenented
by harowandex25ingigathadorhaefpaenceayrbes ipl éreprddcent
by softmare Accordlng to the present invention,

Il

t her ePBFEC épégrgﬁﬁm PBi chads PG o4 CEANBUNELTPS éResgiected

vi deo egcodln or %odlng p%%ce53|ng d%%%r&ged in

(1) L6npe3) CARCH SE0BELrow ded Fﬁ&&gﬁna

(01 néE keprisRe ?%VSEP SN SHRERTE qudirtords it
-pessible to improve the encoding eff1c1ency of an index
indicating a reference frame by using the correlation
between adjacent macroblocks based on a combination of
a motlon vector and a reference frame. This can reduce
the encoding overhead and perform high-efficiency video
encoding.

| (61l) In a video decoding method of performing

motion compensation predictive inter-frame decoding of
a to-be-decoded macroblock of a video picture by using
a motion vector bhetween the to-be-decoded macroblock
and at least one reference frame.selected from a
plurality of reference frames, (a) encoded data
including a predictive error signal for each
to-be~decoded macroblock which is obtained by motion
.compensation predictive inter-frame encoeding, the
number of immediately previously skipped macroblocks

and information of an index indicating at least one

selected reference frame is received and decoded, .{b)



hi gh-efficiency video encodi ng and decodi ng schenes
with a |l ow overhead for encoded data can be provided,
whi ch can greatly inprove prediction efficiency for
fade-in/fade-out pictures and the Iike, which 10
conventional video encodi ng schenes such as MPEG have
difficulty in handling, wthout naugh increasing the
comput ati on armount and cost for encodi ng and decodi ng.
143 CL Al MS 1. A video encoding nethod of

perform.n | CQIm t.ion predictive inter-frane
encodionr;qge g)f a 1ct°ch_v§e_ engtg)gtz rsae%eecgcye&r eﬁlr&rmr g 43 & ectors

pl urald ty of, 1, I f : ohl o .
Dompr 503 AR S HATES I DTN E e oxiopea
i nea"macﬁ*o%ﬁ'o@_k‘,on{d%s'angzrtei&ﬁo@il’!fealrdatéidylcﬁﬁf %rs\e;\g;“e%erated in
frames; encoding a predictive error signal between

the predictldare dTRGEHeblack «and d0-ReansRdeGt rane for the
macr obl ock and a notion vector for each nacrobl ock;

5and eneediohd ca ke @dnhathiionm ahepradiditdtue Carfdticy anf Selected

for the linear prediction for each frane. 2. A video
encodiamg robteh @d eaiiedridiengetadoad, aismdl, (d)whéreeipt eidietive
plurality of reference franmes conprise past franes
W th mesgestlocdk tilse oudhbid- ersc edeiddocane pidtukevisdemal of the
decodi ng net hod of decodi ng notion conpensation
pr edi EKilppeidhfecrobd®mekencoded data by referring to a
plurality of reference frames for each macrobl ock
conpr "SRG tSecei vi ng notion vector data and a

nal encaded each macrob] ock

. si faqr
joPropriety %&%$F%ﬁF%) R o e ol (5é3 can be decoded, and the
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and a conb

same encoding efficiency improving effectras that in
{(59) can be obtained.

(62) In a video decoding method of performing
motion compensation predictive inter-frame decoding of
‘a to-be-decoded macroblock of a video picture by using
a motion vector between the to-be-decoded macroblock
and at least the first reference frame selected from a
plurality of reference frames, (a) encoded data
including a predictive error signal obtained by motion
compensation predictive inter-frame encoding, the
differential vector between a motion vector used for
the motion compensation predictive inter-frame encoding
and a predictive vector selected from the motion
vectors between a plurality of macroblocks adjacent to
the to-be-decoded macroblock and the second reference
frame, and the differentizl value between fhe first

index indicating the first reference frame and the



predictive coefficients encoded for each frane,
generating a predictive macroblock fromthe plurality
of reference franes in accordance with the notion
vector and the predictive coefficients; and
generating a decoded frame by adding the generated 144
predi ctive macrobl ock and the predictive error signal
4. A video decodi ng nmethod according to claim 3,
wherein the plurality of reference franes conprise

past JJdamRs Wddk resPeGh: Q) & o enroded fLATR £ 2ne are

A video encodi ng apparatus for performng notion
conpensaid i Pref ddaRidd)t eis)f rane greading Ofvdtor is

to-be- encoded frame by referring to a plurality of

r ef er erge difediTes: onf afh £ 30 dBAGHGDIC na GIMIISINEdjacent to
nmeans for generating a predictive macrobl ock by a

l'i nearther adi-¢id-aledesiany radre gl lweH,i t:)oft eeh@rtanse vector is
franes;. neans for encoding a predictive error signa

Sbet weeme ddnes tipraaehce thiw e dracroo bihec ks edred: ta d. prietiendetedector
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macr obl ock and a notion vector for each macrobl ock;

and means ther davcstiichglid feoebitiatli oecdforpr edi)ctihee first

coefficients for the linear prediction for each frane.

6. A VEEF décddiang sdppataudyt adddecodingg imsiexort the

conpensation predictive inter-frame encoded data by

r ef er FeAG T G Sa TFamcalfiory toe Percscdies ks famBs Whdiche e

macr obl ock, . .conpri sing:, means for, recei yi ng. notjon

vect oP §At S AN geﬁﬁgﬁ?ﬂétfeq@FFgﬁ EPGn&i e RESRER S or

each n ombi natii gn _aof. . predictiv .

oot f Forente i adas e el o Pasdictlvehacroblock is
generated in accordance with the reconstructed motiocn
vector and the reconstructed first index, and (f) a
decoded reconstructed picture signal of the
to-be-decoded macroblock is generated by adding the
generated predictive macroblock and the decoded
predictive error signal.
<Effects>

The data encoded in (60) can be decoded, and the
same encoding efficiency improving effect as that in
(60) can be obtained.

As described above, video encoding and decoding
processing may be implemented as hardware {(apparatuses)
or may be implemented by software using a computer.
Part of the processing may be implemented by hardware,
and the other part may be implemented by software.

According to the present invention, therefore, programs

for causing a computer to execute video encoding or



means for generating a predictive macroblock fromthe
plurality of reference frames in accordance with the
notion vector and the predictive coefficients; and
nmeans for adding the generated predictive macrobl ock
and the predictive error signal. 7. A programfor
causing a conputer to execute not4dn conpensation
predictive inter-frane encodi ng processing by 145
referring to a plurality of reference franes for each

macr 0@%14(}”%%&%@5@@&@@&%6@*@ GPRYL g1y t(QSZ) can also

execute a process of generating a predictive

macr oJeogk-dyi ded.l i near prediction using the plurality

of reference franes, a process of encoding a

predictive error signahdbetwean hbheipeadictipye

macr obl ock and a to-be-encoded nmacroblock and a

moti on vectZwr Haw leaeh demeraatksbang @cdquotiess ©f the
encodi ng a conbi nation of predictive coefficients for

5t he | ipresrendr adivetnitoo:f, ot iedctp ifatarre. BlalA tpr,ogr am f or
causing a conputer to execute notion conpensation

pr edi &Hidve sfftieriemcany idecodinypJimngc egsi Kgdwding schemes
referring to a plurality of video frames for each

macr oMiddk A 1ithe opieggcam davsiengodes cefpucan e provided,
execut e ,a_process of receiving notign vector data and

a pr opriéEty cag @geadilgn dMPERyGd & 0d1C té aeh sfddrcdismeek for
and a nbi.nati on of redi ctive coefficients encoded
f or eggﬁerﬁg F%§_8P5C%&5%8Fe§eﬁgpa$%ﬁgié re&&@f&he
macr oh) r. the. plurality of reference franes,.|
1O_accor g%?%n%%? %%hglﬁ%PigﬁcogégﬁoFcaﬁgefhguﬁgeﬁﬁcﬁﬁ§§ have.

coef f isGirgnl-$1 +t4n qlna h@haq%a,gm@%g&g bl 98ReLak8dy the

predi ctive macrobl ock and the predictive error

si gnakomputation amount and cost for encoding and decoding.




9. A video encodi ng nmethod of perform ng notion
conpensation predictive inter-frame encoding of a

t o- be- encoded macrobl ock of a video picture by using a
predet erm ned conbi nation of a plurality of reference
frames and a notion vectorl4fetween the to-be-encoded
macrobl ock and at |east one reference frane,
conprising: extracting at |east one reference
macr obl ock fromeach of the plurality of reference
frames; generating a predictive macrobl ock by
calculating a 146 linear sumof the plurality of
extracted reference nacrobl ocks by using a
predet erm ned conbi natj on @& weiphgi ng factors;
generating a predictive error signal between the
predi ctive macrobl ock and the to-be-encoded

macrobl ock; and encoding the predictive error signal,
a flrst 4 nd@beq gaicedt. negme hleod ovbiprnficomiol mhgion

luralit reference franes, a second index
co %ﬁﬁ% RQﬁg%ﬁﬁﬁ&enéPFﬁﬁ gFamélﬁﬁFPﬂbngf%Et%rs and

[ n_of th Lon vector video,.encodi n
e G e R e e R L

frérﬁ@serfd‘rr %heﬁ%e%egoeﬁ 3 &5 D1 rRicoded macrobl ock of

a video picture by using a predetermn ned conbination

of gerindtingt  phretietel 8CRaEFEINESck and A IMidaan
vector between the to-be-encoded macrobl ock and at

preédiggtianesiefetbrcpliirabily cofprd fHmgiceeXtrameti ng a
first reference nacrobl ock corresponding to a
carﬁﬂca%ﬁlélg Gr AuRs ifdtliven evrediros idngrmh ®eftivesn Fﬁéﬁer ence

ot on vec in

SRS SRl e, CAILIEL e, Lo, Le oLl O e O
moélégnved%ors%%%n%ach macroblock; and

encoding a combination of predictive coefficients for
the linear prediction for each frame.

2. A video encoding method according to claim 1,
wherein the plurality of reference frames comprise past
frames with respect to the to-be-encoded frame.

3. A video decoding method of decoding motion
compensation predictive inter-frame encoded data by
referring to a plurality of reference frames for each
- macreblock, comprising:

receiving motion vector data and a propriety error
signal encoded for each macroblock and a combination of
predictive coefficients encoded for each frame;

generating a predictive macroblock from the plurality
of reference frames in accordance with the motion vector
and the predictive coefficients; and

generating a decoded frame by adding the generated



reference frame and the to-be-encoded frane;
extracting at |east one second reference macrobl ock
corresponding to the candidate for the notion vector
obtained by scaling fromthe second reference frane;
generating a predictive macrqbl ock by cal culating a
Iinear sum usi ng a predet er mi ned conbi nati on of

SO dosr SGARERat gL S P EHTAT e Srrgr Sigaar.
b t t t
e egncggdgeaggégé*%i é@tg?%?ﬁ?gggt ?%?ﬁ“bn'

whé’ﬁé&trprtlr%n pihehas]sopf raramanid udamels 2o P@Qbétpé@t
error signal between a |inear sumof the first 147 and

frageond trefrefspece BBCEODbebksSemtibidd et taomehe- encoded
macr obl ock; and encodi ng the predictive error signal,
a firstA ivider enndidéngi agpahetdis r&ir gt fsswomg motion
reference franmes, the second index indicating the

COTRRR HaltTo PTG LIRS gRt LAGCFaEEams, e'aﬁ%dllil%f%’%‘ n%t%ﬂoeo?

d i d
nGBatba oF BN GPEERG RO Con= EONEBRSY1 b 1 Gr Ry g omes
o£60d Mhlocfoly: bsofngs;@gfg mmcr obl ock of a vi deo

y using ast o%e past reference frane

an%e%lrf@tﬂo@ng\éﬁ@k@fl@?té{\@@fbdf@:ﬁ\% heceaseded by a
macr obl ock and the reference frame, conprising:

1impesf gpradigtiiloe metingntbenpénsalion @f e fdrarecd nt er -
frame encodi ng upon switching, for each to-be-encoded

framesyiobl ock, between operation of using a notion vector
for a to-be-decoded macr obl ock at the sane

| NIRRT difE SOSPOLBA 2aBTEAAFTOY St REF2H- B fifreen the
pr%‘%ecqjgxlregérlfaeclﬁrgogt&g%l{ Iraglg %gg%gggnbggggl magrgbfgct,]?raend a
motion vector for each macroblock; and

means for encoding a combination of predictive
coefficients for the linear prediction for each frame.

6. A video decoding apparatus for decoding motion
compensation predictive inter-frame encoded data by referring
to a plurality of reference frames for each macroblock,
comprising:

means for receiving motion vector data and a propriety
error signal encoded for each macroblock and a combination of
predictive coefficients encoded for each frame;

means for generating a predictive macroblock from the
plurality of reference frames in accordance with the motion
vector and the predictive coefficients; and

means for adding the generated predictive macroblock
and the predictive error signal.

7. A program for causing a computer to execute.motion

compensation predictive inter-frame encoding processing by



contai ni ng the to-be-encoded macrobl ock and operation
of newy determ ning and encodi ng the notion vector.
12. A video encodi ng nmet hod of perform ng notion
conpensation predictive inter-frame encoding of a

t o- be- encoded macrobl ock ofjsa vi deo picture by using
at | east one reference frane and a notion vector

bet the to- be- encoded bl ock and th
reRRATBIGNCE Fr RHETEORDY | SF ig® Per i rig e ot FARD

conpensation predjcti |.nter~ fr odin
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encoded past franme as the reference frane, a second

1ingadiptdartipde usfingsthg pruencodedf weafeechranerases,
the reference frane, a third prediction node of using
a B®ddassar ofurnobdiheg ancoeididtpast enwprf gtignelf r ames
as the_ reference frane, and a fourth predicti on node
betgfeqrsithg RrepifsaresUaTHPLLPek ANH & %A osre8re6Eed
ast. reference Fames as t reference frane, 13, /A
ma RS HoGBG1 R RELABG BT Per Far ARG RBCFERLOCK, ~ahd
co Lan predictive J 3 g @fi 2
toﬁﬁiﬁ%ggggo gdgﬁgﬁﬁ% 5%E£§?125€?§%3§€3%#%gé 6y usi ng

cod¥ fAladekar Fbpeehe oAt ige@ttaoh! 86al éddh oframe.
reference franes and a notion vector between the

t o-dhe- decededramcrobl osks amgl atcdrgagterone exetetenmetion
frame, conprising decoding encoded data including a
conpregdiadtiione pgedértsirvgnant efofranee densding peodessded by
macr obl ock, a_first index _indicating_the conbination
refgraifg frupaPlbyabity tbremey edsss fog seed it Fiihock
I ndi catin conbjnation of linear sum weighting
I

th?zﬂﬁﬂﬁﬁ§mng%?%?%r M éyﬁﬁ%ﬁﬁﬁ GCKkEXCERYE i nf or mati on of

a process of receiving motion vector data and a propriety
error signal encoded for each macroblock and a combination of
- predictive coefficients encoded for each frame,

a process of generating a predictive macroblock from the
plurality of reference frames in accordance with the motion
vector and the predictive coefficients, and

a process of adding the generated predictive macroblock
and the predictive error signal.

9. A video encoding method of performing motion
compensation predictive inter-frame encoding of a
to-be-encoded macroblock of a video picture by using a
predetermined combination of a plurality of reference frames
and a motion vector between the to-be-encoded macroblock and
at least one reference frame, comprising:

extracting at least one reference macroblock from each of
the plurality of reference frames;

generating a predictive macroblock by calculating a



the notion vector; extracting a plurality of reference
macr obl ocks fromthe plurality of reference franes in
accordance with the decoded information of the notion
vector and the decoded information of the first

i ndex; generating a predictise macrobl ock by
calculating a linear sumof the plurality of

. extracted ference frames_b usi ng,the conbi natign
LG g "FaBOra T R 65t B H TR T GeUBg Tectoplocks
i [ f c k : Cadi: [ .
oy T s e g Lot i Clon P (ARG, FaKKeeS:
de A8 Gt ibrederE9bestardt $ofndher@afden the
t 0o-be- decoded macrobl ock. 14. A video decodi ng net hod
predf cpevé afiagrubImeik erd €hapeossd +ancqieelimatiroblock; and
inter-frame decoding of a to-be- decoded macrobl ock of
a el igigttivee prpdastayeacpredet i hed 1igrst index
~ conbi nati on of a,plunalité of reference franes and a
Ingta o Vi GombdnReeRTt Re Eo® el Yetbdetl HadrdiiT6ece
..and at_|east one , reference.fra comprising: . .
£r it Crad 4t 4 T RERGaPHg Ao pr ST CLT Ve b opreiohting

fadls S Al o f 00 neBeneRehn t O hardacrded yRergbl ock, a first

X indicating a conbination of the plurality of

refaeyencge vfiu@@seéncoaiﬁ?c;@@&dmct@( pelt@oeat hgombbeod r ame
nunmber of an encoded rame, and information of the

commdn st ivec rorediexti vactinhgraf phue adncgdiofg ref er docde-
macr obl ocks fromthe plurality of reference franmes in

eneedwt deareoliadk tdfe a iVHdsOmRECEH T6f PYh&SABEI 8n vect or
xSl g seoded Lo miyon ol he 25 A0%Kee ranes
angléwﬁgéf&ﬁ vector between the to-be-encoded macroblock and
at least one reference frame, comprising:

extracting a first reference macroblock corresponding to
a candidate for the motion vector from a first reference
frame;

scaling the candidate for the motion wvector in accordance
with an inter-frame distance between at least one second
reference frame and the to-be-encoded frame;

extracting at least one second reference‘macroblock
corresponding to the candidate for the-motion vector obtained
by scaling from the second reference frame;

generating a predictive macroblock by calculating a
linear sum using a predetermined combination of weighting
factors for the first and second reference macroblocks;

generating a predictive errorlsignal between the
predictive macroblock and the to-be-encoded macroblock;

determining the motion vector on the basis of a magnitude

of a predictive error signal between a linear sum of the first



of reference franes and the encoded frame in
accordance with the decoded informati on of the second
i ndex; generating a predictive nmacrobl ock by
calculating a linear sumof the plurality of
extracted reference macrobliagks using weighting
factors deternined in accordance with the cal cul at ed

inter-franme distances; d_decadi a.,vi deo si [, by
and, e RETEYERFE FoGt ORRLT ob Btk s VhESdstsaagt
maéggﬁydgf;v%ngrror signal. 15. A video decodi ng net hod
of performng notion conpensation predictive

| ntfeddidnge rdecpdidgeofva dro-desideeoded raesoblogks of
a video picture by using at |east one past reference

indircate randha Mitrisan andckocohét nebar¢ines t rdees dedededcond
macr obl ock and at | east one reference franeg,
indesnpmddicagingr sbei ¢Prglaael ere collivey Bridede daghegs, and
i ncluding a Bredictive error_signal for the each

inﬁ?f%ﬂ?%%%éﬁ%& RatfbBIBLRed A 5HY 0FPFron of one of
t enc d first ti t il :
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Irmredi ately previously encoded franme; generating a

mad¥Aidd v anehabbogkchbyraishndidiiey decadedt bhespast
nmoti on vector for a to-be-decoded macrobl ock for which

refiehrericef dramei andod mhdvel dn retctrot bemweeot bhei sorleeedvariied

and using the second notion vector for a
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macroblock, between operation of using a motion vector for
a to-be-decoded macroblock at the same intra-frame position
as that of the to-be-encoded macroblock in the frame
encoded immediately before the to-be-encoded frame
éontaining the to-be-encoded macroblock and operation of
newly determining and encoding the motion vector.

12. A video encoding method of performing motion
compensation predictive inter—-frame encoding of a to-be-
encoded macroblock of a video picture by using at least one
reference frame and a motion vector between the to-be-encoded
macroblock and the reference frame comprising

performing the motion compensation predictive inter-
frame encoding upon switching, for the each to-be-encoded
macroblock, between a first prediction mode of using at
least one encoded past frame as the reference frame, a

second prediction mode of using an encoded future frame as

the reference frame, a third prediction mode of using a




conpensation predictive inter-frame decoding of a

t o- be- decoded macrobl ock of a video picture by using
a notion vector between the to-be-decoded macrobl ock
and at | east one reference frame, conprising:

recei ving and decodi ng encoded data incl uding
information of a predictive error signal for the each

, to-be-d bl.ock i Ct,i de i nf Li
LingRR GHT G GHE BRCRIoH: PSPt prodi IO FodDest “Gsthg at
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rame, a secdnd node of Using a to-be- encoded future

1iddEAS dtheneebeneacer § réMuncbddl phstediegtireAcenode
of using a linear sumof the to-be-encoded past and

framdsires fuhamesfasehde fefer.ence franme, and a fourth
node of wusing a linear sumof the plurality of
t 0-Iob- edc odegopdstodingnmpstied tdle rasfler@Eied fmeidenand
information of the notion vector;
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predi ctive error signa 17. A video encodi ng nethod

ve@fo P ¥ tehnghBDE b OBe CQamansaisropledkCbhieat least one
inter-franme encodi ng of a to-be- encoded macrobl ock of

refendroeo fiaakyr eohyrisimgy at | east one reference frane
selected froma plurality of reference frames and a
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frames, a second index indicating a combination of linear sum
weighting factors for reference macroblocks, and information of
the motion vector;

extracting a plurality of reference macroblocks from the
plurality of reference frames in accordance with the decoded
information of the motion vector and the decoded information of
the first index;

generating a predictive macroblock by calculating a
linear sum-of the plurality of extracted reference frames by
using the combination of weighting factors indicated by the
decoded information of the second index; and

decoding a video signal by adding the predictive
macroblock and the decoded predictive error signal for the each
to-be-decoded macroblock.

14, A video decoding method of performing motion
compensation predictive inter-frame decoding of a to-be-

decoded macroblock of a video picture by using a predetermined




notion vector coincides a predictive vector selected

from notion vectors for a plurality of macrobl ocks

adj acent to the to-be-encoded nmacrobl ock of the video

picture, at l|east one reference franme selected for

t he t o-be-encoded nacrobl oclg coincides with the

macr obl ock fron1mhich t he predictive vector is

sel] ect ed, d all be- encod redl tive error .
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the decoded information of the second index:;

f%ames,

generating a predictive macroblock by calculating a linear
sum of the plurality of extracted reference macroblocks using
weighting factors determined in accordance with the calculated
inter-frame distances; and

decoding a video signal by addiﬁg the predictive
macroblock and the decoded predictive error signal.

15. A video decoding method of performing motion
compensation predictive inter—frame decoding of a to-be-
decoded macroblock of a video picture by using at least one
past reference frame and a motion vector between the to-be-
decoded macrobleock and at least one reference frame,
comprising:

| receiving and decoding encoded data including a
predictive error signal for the each to-be-decoded macroblock

and information of one of the encoded first motion vector or a



decoded macrobl ock of a video picture by using a
notion vector between the to-be-decoded macrobl ock
and at | east one .reference franme selected froma
plurality of reference frames, conprising: receiving
and decodi ng encoded data iyl uding a predictive
error signal for the each to-be-decoded nacrobl ock

whi ch i s obtained by tion co gysation predi cti_ve
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macr obl ock in accordance with at | east one reference
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between the to-be-decoded macroblock and at least one
reference frame, comprising:
| receiving and decoding encoded data including information
of a predictive error signal for the each to-be-decoded
macroblock, prediction mode information indicating one of a
first prediction mode of using at least one to-be-encoded past
frame as the reference frame, a second mode of using a to-be-
encoded future frame as the reference frame, a third rediction
mode of using a linear sum of the to-be-encoded past and
future fraﬁes as the reference frame, and a fourth mode of
using a linear sum of the plurality of to-be-encoded past
frames as the reference frame and information of the motion
vector;

generating a predictive macroblock signal by using the
prediction mode information and the information of the motion
vector; and

decoding a video signal by adding the predictive
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skipping the motion compensation predictive inter-frame
encoding with respect to a to-be-encoded macroblock when the
motion vector coincides a predictive vector selected from
motion vectors for a plurality of macroblocks adjacent to the
to-be—encoded macroblock of the video picture, at least one
reference frame selected for the to-be-encoded macrcblock
colncides with the macroblock from which the predictive vector
is selected, and all to-be-encoded predictive error signals in
the motion compensation predictive inter-frame encoding are 0,
and encoding the number of macroblocks for which the motion
compensation predictive inter-frame encoding is skipped in
performing motion compensation predictive inter-frame encoding
cof a next to-be-encoded macroblock.

18. A videco encoding method of performing mcotion
compensation predictive inter-frame encdding of a to-be-
encéded macroblock of a video picture by using at least one
first reference frame selected from a plurality of reference
frames and a motion vector between the to-be-encoded
macroblock and the first reference frame, comprising:

encoding predictive error signal obtained by the motion
compensation predictive inter-frame encoding, a differential
vector between a motion vector used for the motion

compensation predictive inter-frame encoding and a predictive
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vector selected from motion vectors between the second
reference frame and a plurality of macroblocks adjacent to the
to-be-encoded macroblock, and a differential value between an
index indicating the first reference frame and an index
indicating the second reference frame.

19. A video deéoding method of performing motion
compensation predictive inter-frame decoding of a to-be-
decoded macroblock of a video picture by using a motion
vector between the to-be-decoded macroblock and at least one
reference frame selected from a plurality of reference frames,
comprising:

| receiving and decoding encoded data including a
predictive error signal for the each to-be-decocded macroblock
which is obtained by motion compensation predictive inter-
frame encoding, the number of immediately previously skipped
macroblocks, and information of an index indicating at least
the one selected reference frame;

selecting one predictive vector from motion vectors for a

plurality of macroblocks adjacent to the skipped macroblock;

generating a predictive macroblock in accordance with at
least one reference frame for the macroblock from which the
predictive vector is selectéd and the predictive vector; and

outputting the predictive macroblock as a decoded picture
signal of the skipped macroblock.

20. A video decoding method of performing motion
compensation predictive inter-frame decoding of a to-be-
decoded macroblock of a video picture by using a motion vector
between the-to-be-decoded macroblock and at least a first
reference frame selected from a plurality of reference frames,

comprising:
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receiving and decoding encoded data including a
predictive error signal obtained by motion compensation
predictive inter-frame encoding, a differential wvector between
a motion vector used for the motion compensation predictive
inter—-frame encoding and a predictive vector selected from
motion vectors between a plurality of macroblocks adjacent to
the to-be-decocded macroblock and the second reference frame,
and a differential value between a first index indicating the
first reference frame and a second index indicating the second
reference frame;

selecting the predictive vector from a plurality of
macroblocks adjacent to the to-be-decoded macroblock;

reconstructing the motion vector by adding the selected
predictive vector and the decoded differential vector;

reconstructing the first index by adding an index of a
reference frame for the macroblock from which the predictive
vector is selected and the decoded differential value;

generating a predictive macroblock in accordance with the
reconstructed motion vector and the reconstructed first index;
and

generating a decoded reconstructed picture signal of the
to-be-decoded macroblock by adding the generated predictive

macroblock and the decoded predictive error signal.




